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DIGESTION LEUCOCYTOSIS IN NORMAL AND IN 
SPLEENLESS DOGS, By ALEXANDER GOODALL, 
G. LOVELL GULLAND, anp D. NOEL PATON. 


(From the Laboratory of the Royal College of Physicians of Edinburgh.) 


AN increase in the number of leucocytes in the circulation during 
digestion is now a familiar observation, but the exact nature of the 
leucocytosis and its true meaning have never been satisfactorily demon- 
strated, nor has the question of whether the spleen plays any part been 
considered. 

Hofmeister" described an increase in the lymphocytes of the intes- 
tinal wall along with the absorption of the peptones in proteid digestion. 

Poh|® extended these observations and found a considerable increase 
in the number of white cells in the blood generally, after a proteid diet. 
_ and at the same time a relative diminution of the mononucleated cells. 
On comparing the number of leucocytes in corresponding mesenteric 
veins and arteries a large excess of white cells was found in the veins 
during digestion. The inference from these observations seems to be — 
that the leucocytosis is due to an increase in the number of polymor- — 
phonuclear cells, and these, according to Poh|’s observations, are derived 
from the intestinal wall. 

Several authors, ¢.g., Cabot”, class the increase of white cells during . 
digestion as a polymorphonuclear leucocytosis, while others, e.g., Ehrlich 
and Lazarus", state that the relative proportion of polymorphic cells 
and lymphocytes does not vary. 

Ascoli® describes digestion leucocytosis, which he considers as 
probably due, like the leucocytosis of infection, to a chemiotactic influence. 


The present observations were undertaken with a view of investi- 
gating the following points. 7 

I. The time of onset, extent and duration of digestion oe 
in animals with and in animals without the spleen. 


1 The expenses- of this research have been defrayed from a grant made to the 
Laboratory by Francis Mason, Esq. 
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II. The nature of the leucocytosis. 

III. The source of the leucocytes. 

For the removal of the spleen, and other operations, for the with- 
drawal of blood for examination and for the determinations of hmmo- 
globin D. Noél Paton is responsible. Alexander Goodall undertook 
the enumeration of the leucocytes, and G. Lovell Gulland made the 
differential counts. 

Dogs were used except in experiment 8, which was made upon a cat. 
In each case the animal fasted on the day preceding the experiments. 
Next morning the leucocytes were counted with the Thoma-Zeiss : 
leucocytometer and then the animal was fed on as much minced beef — 
and water as it would eat. Along with every enumeration of leucocytes 
the amount of hemoglobin was determined with Oliver’s hemoglobi- 
nometer so that any error which might arise from differences in con- 
centration of the blood was excluded. The amount remained unchanged 

in all our experiments. | 


I. The time of onset and duration of digestion leucocytosis. 
(a) Animals with the spleen. . 
Exp. 1. Adult female dog. 


Total no. of 
white cells Polymorphs §= Lymphocytes Eosinophils 
11,80a.m. Before food 15,800 reed : 3950 2291 per c.mm. 
6°5 +1 18°5=25 14° 

11.85 ,,. . Fed on 500 grms. 

~ _mineed beef & water | 
12,85 p.m. after food 15,400 9317 3850 2238 per c.mm. 

605 L1254+1125=2 

8.5 ,, 4hrs.afterfood 32,200 21,735 7084 3381 per c.mm. 

675 = L9+118=22 10°5 p.c. 
5.35 , 6hrs.afterfood 30,800 22,022 6314 2464 per c.mm. 

7115 L54+1155=20% pe. 


In Exps. 1, 2, 4 and 5 L = large and | = small lymphocytes. 


Experiments 1 and 2 indicate that a slight preliminary fall in the 
total number of leucocytes may occur within an hour after food is 
taken. This is followed by a fairly regular rise in the number of 
leucocytes, usually reaching its maximum about four hours after food. 
The numbers thereafter gradually fall, but the starting point is not 
reached till about 8 hours have elapsed. | 
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DIGESTION LEUCOCYTOSIS. 


Exp. 2. Puppy. 
of white cells Polymorphs Lymphocytes Eosinophils 
10.20 a.m. Before food 16,800 6384 8568 140 p.c. 
88. L18+138=51 8°5 p.c. 
10.25 ,, Fed on 250 grms. 
minced beef & water . 

11.35 ,, 1 hr. after food 7400 ~=——tis«é3;4A4 3071 _ $88 per c.mm, 
465 L7°5+134=415 12 p.c. 

12.35 p.m. 2hrs. after food 34,800 16,878 13,746 4176 per c.mm. 
| 485 12 p.c, 

1.35 ” 8 ao ” 45,000 24,525 17, 100 8375 per c.mm. 
545 £1 4°54133°5=38 6 p.c. 

8.5 yy 44 ,, 28,800 14,400 12,960 1440 per ¢c.mm. 
50 L385+4141°5=45 5 p.c. 

54 22,600 11,639 9812 1243 per ¢.mm. 
515 L64+137=43 5°5 p.c, 

5.85 ,, 23,600 13,924 8024 1652 per c.mm. 
59 L55+1285=34 4 p.c. 

7 14,200 7952 5183 1065 per c.mm. 
56 8 p.c. 


In the following experiment the animal showed a marked preexisting 
leucocytosis for which we were unable to account. The experiment was 


proceeded with, but digestion leucocytosis did not occur. 


Exp. 3. Puppy. 
of white cells Polymorphs Lymphocytes Eosinophils 
10 a.m. Before food - $1,200 19,500 9516 2184 per c.mm. 
62°5 30°5 7 p.c.: 
10.15 ,, Fed on 250 grms. 
minced beef & water 
11,15 ,, - 1 hr. after food 81,400 20,410 8478 2512 per c.mm. 
65 8 p.c, 
12.15 p.m. 2hrs. afterfood 28,000 19,460 7420 1120 per c.mm. 
69°5 26°5 4 p.c. 
1.15 ,, ee es 28,200 17,202 9156 1833 per c.mm. 
61 32°5 6°5 p.c. 
3.15 ,, 81,200 20,436 8112 2652 per c.mm. 
65°5 26 8°5 p.c. 
4.15 ,, a ie 22,400 13,888 7280 1232 per c.mm. 
62 82°5 p.c. 
5.15, 25,000 15,875 8000 1625 per c.mm. 
ke 61°5 82 6°5 p.c. 
11.30a.m. next day 23,400 


(6) Animals without the spleen. The animals used in experiments 
4 and 5 had been splenectomised some time previously, and at a sub- 
sequent post-mortem examination the removal of the spleen was found 
to have been complete. 
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- The digestion leucocytosis exhibited no differences from that found 
in a normal animal of the same age. 


10 


10.15 


11.15 
12.15 
1.15 
8.15 
4.15 


5.15 


10.20 
10.35 


11.85 


5.35 


7.5 


Exp, 4. Puppy (splenectomised). 
Total number 
of white cells 


&.m. 


p-m. 


Exp. 5. 


a.m. 


” 


Before food 


Fed on 250 grms. 
minced beef & water 


1 hr. after food 


2 hrs. after food 


Before food 


Fed on 250 grms. 
minced beef & water 


1 hr, after food 


2hrs. after food 


Il. 


11,200 


26,000 
27,400 


28, 200 


25,200 


28, 400 


26,200 


Puppy (splenectomised). 


18,000 


22,000 


18,200 


27,800 


27,800. 


29, 600 
21,000 


23,200 


17,236 


Polymorphs ‘ 


6776 
60°5 
18,250 
51 
16,988 
62 
15,510 
55 
16,380 
65 
19,028 


67 


14,934 


Total number 3 
of white cells Polymorphs 


12,600 
70 


13,860 
63 


11,011 
60°5 


62 
16,541 
59°5 
13,468 
45°65 


11,180 
53 


15,892 
68°5 


Lymphocytes 
3416 
L 6°5 +1 24=30°5 


11,180 
L 105 +1 82°5=48 


8905 
L 7°5+1 25=32°5 


10,716 
L 2+136=38 


6426 7 
L6+119°=25°5 


7668 
L641 21=27 


8908 
L 5°5 + 28°5= 34 


3870 
L75+114=21°5 


6820 
L6+1 25=81 


L 7+1 23°5 =30°5 


8896 
L65+1 25°5=32 
| 9869 
L9+1 26°5=85°5 

13,912 
9030 
L55+1875=43 


6612 
L 441 =28°5 


The nature of the leucocytosis. 


Eosinophils 
1008 per c.mm. 
9 p.c. 


1560 per c.mm, . 
6 p.c. 
1507 per c.mm. 
5°5 p.c. 
1974 per c.mm. 
7 p.c. 
2394 per c.mm. 
9°5 p.c. 
1704 per c.mm. 
6 p.c. 
2358 per c.mm. 
9 p.c. 


_ In the first 4 experiments the numbers of large and small lympho- 
ten were differentiated. No constant or striking change in their 


i 

it 

8°5 p.c. 

1] 1820 per e.mm. 
a 6 p.c. 

6 p.c, 

i 5 p.c. 

4.5 54 ” 2220 per c.mm. 
7°5 p.c. 

tie 4 p.c. 
3 p.c. 

it 


DIGESTION LEUCOCYTOSIS. 


relative proportions was found and therefore this differentiation was 
omitted in the subsequent observations, 

The differential counts in the experiments already described and in 
those subsequently to be described, demonstrate that both polymor- 
phonuclear cells and lymphocytes are increased during digestion. 

The lymphocytes show the more constant and definite change. 
About 4 hours after food their total number is at a figure just about 
double their total number before food. | 

The polymorphic increase is almost constant but the numbers 
reached are not so definite. In Exp. 7, their total number showed 
a slight fall five and a half hours after food, although the total — 
of white cells had increased by 1,600. 

In Exp. 1 the increase in the number of polymorphic cells was 
12,176, 4 hours after food, and in Exp. 2 they had increased by 
18,141, 3 hours after food. In the last 5 experiments the number of 
polymorphic cells showed an increase varying from 1,000 to 8,000. 

The eosinophils showed no constant change but were usually 
increased. The following table indicates the variations in their total 
number. 


Variation of total 
Exp. Time after food number per c.mm. 
1 4 hrs. ~ + 1090 
2 ee + 1967 
+ 966 
5 en + 138 
6 8 hrs. 50 mins. - 

7 5, © ;, + 125 
8 4 50 60 
9 803 


Ill. The source of the leucocytes. 


In experiments 6, 7, 8 and 9 after the presence of leucocytosis had 
been ascertained with local anesthesia the animal was fully anesthetised 
with ether in a warm room at from 18° to 35° C., the abdomen was opened, 
the coils of intestine being covered with cloths wrung out of normal salt 
solution at 40°C., and samples of blood from corresponding mesenteric 
arteries and veins were examined. 

‘We were unable to detect any notable difference between such 
samples and blood taken from the ear, and we cannot confirm Pohl’s 
observation that there is a greater number of leucocytes in the mes- — 
enteric veins than in the arteries in dogs during digestiou, 
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Exp. 6. Puppy. 


11.30 a.m. Before food 
Blood from ear 


Fed on 250 grms. minced 
beef and mutton 


8.30 p.m. Blood from ear 
3.30 ,, Blood from 


11.50 


mesenteric vein 36 cm, 
from pylorus 


mesenteric artery 81 cm. 
from pylorus 


mesenteric vein 81 cm. 
from pylorus 


Exp. 7. Puppy. 


10.50 a.m. Before food 
Blood from ear 


Fed on 250 grms. 
minced beef & water 


3.10 p.m. Blood from ear 


ll» 


5 . % Blood from 


mesenteric artery 125 cm. 


from pylorus 


mesenteric vein 125 cm. 
from pylorus 


mesenteric vein 117 cm. 
: from pylorus 


Exp. 8. Oat. 


10.45 a.m. Before food 
Blood from ear 


Fed on 125 grms. minced 
beef and water 


4 p.m. Blood from ear 


Total number 
of white cells 


27,800 


41,600 


41,600 


34,200 


Total number 
of white cells Polymorphs Lymphocytes 


18,600 


19,200 


20,200 


23,200 


22,400 


Pol 


29,657 
815 


13,671 


12,960 
67°5 
11,211 
55°5 
12,180 
52°5 


12,528 
54 


3892 
14 


6216 
18°5 


ymorphe 


279 per c.mm, 
15 p.c. 


18,500 6750  5467°5 12825 per o.mm. 
40°5 9°5 p.c. 

18,800 7426 —«-:10, 152 1222 per ¢.mm, 
39°5 54 6°5 p.c, 


1261 per o.mm. 
ii | 4°5 p.c. 
= 
ii 33,600 26,208 1176 per o.mm. 
| 
i mesenteric artery 36 cm. 
hf from pylorus 86,000 25,380 9540 1080 per c.mm. 
in 70°5 26°5 Sp.c. 
Te 73 22°5 4°5 p.c. 
ia 76 22 2 p.c. 
ie 80 17 8 p.c. 
| 
i 
5664 576 per c,mm. 
29°5 8 p.c. 
4.40 ,, 8585 404 per c.mm. 
i 42°5 2 p.c. 
| 9976 1044 per c.mm. 
48 4°5 p.c. 
23,200 10,324 348 per c.mm., 
| 44°5 15 p.c. 
if 57 42 1 p.c. 
| | Total number 
| of white cells Polymorphs Lymphocytes Eosinophils 
| 


DIGESTION LEUCOCYTOSIS. 
Exp. 8. Cat (continued). 


4.80 p.m. Blood from 


mesenteric artery 14 cm ! 
from pylorus 18,500 7955 9065 - 1480 per c.mm.. 
48 49 8 p.c, 
mesenteric vein 14 cm. 
from pylorus 18,900 7938 9450 1512 per o.mm. 
& 42 50 8 p.c. 
mesenteric artery 76 cm. 
from pylorus 19,700 9062 9259 1379 per c.mm. 7 
7 p.c. 
mesenteric vein 76 cm. 
from pylorus 19,200 7680 10,368 1152 per c.mm, 
40 54 6 p.c. 
- mesenteric vein 30 cm. 
from pylorus 14,400 5616 7776 1008 per c.mm. 
39 54 7 p.o. 


Exp. 9. Fox-terrier Puppy. 


12.30 p.m, food 


ood from ear 16,600 11,708 4316 581 per c.mm. 
0% 26 3°5 p.c. 
8  , Fed on 125 grms, minced 
beef and water 
5 ,, Blood from ear 27,800 . 20,433 7089 278 per c.mm., 
73°5 25°5 1 p.c. 
Blood from 
mesenteric artery 26 cm. 
from pylorus 23,200 16,356 6612 232 per c.mm., 
28°5 1 p.c. 
mesenteric vein 26 cm. : 
‘from pylorus 22,400 15,282 - 6944 224 per c.mm. 
68 31 1 p.c. 
mesenteric artery 57 cm. 
| from pylorus 21,600 14,040 540 per c.mm. 
: 65 82°5 2°5 p.c. 
mesenteric vein 57 cm. Re 
from pylorus 24,200 16,456 7381 363 per c.mm. 
68 80°5 1b p.e. 


Although these experiments seemed to exclude the lymphoid tissue 
of the alimentary tract as a source of the leucocyte increase, we 
determined to ascertain whether the adenoid tissue of the intestine 
showed any special activity during digestion as Hofmeister had stated. 

In experiments 7,8 and 9 when the animal was killed, those portions 
of intestine the blood of which we had examined were placed in formaline- 
alcohol and subsequently examined histologically. Eosine and oe 

blue and Ehrlich’s triacid were the stains used. 

The following conditions were found : 


Exp. 6. (a) Intestine 47 cm. from pylorus. The sections showed a mass of 
- adenoid tissue of a Peyer’s patch. In this mitotic figures were numerous, but 
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not more so than in lymphoid tissue prepared in the same way from any part 
of the body. There was no formation of germ centres.. The villi, except those 


which were flattened out by underlying adenoid tissue, contained very few 


leucocytes. The lymph vessels contained practically no cells, The perivascular 
lymphatics were empty. 

(b) Intestine 117 cm. from pylorus. This showed no adenoid tissue. 

(c) Intestine 125 cm. from pylorus. This showed no adenoid tissue in 
masses. The villi showed very few leucocytes. Some of the — cells 
showed mitotic figures. 


_ Exp. 7. (a) Intestine 14 cm. from pylorus. A small Peyer’s patch was 
present. It contained no germ centres and not many mitoses. The leucocytes 
in the villi were few in number. No lymph vessels were seen. 

(6) Intestine 30 cm. from pylorus. No adenoid tissue was seen. Other- 
wise the sections resembled (a). 
(c) Intestine 76 cm. from pylorus. This ciated (6). 


Exp. 8. (a) I sida 26 cm. from pylorus. This showed a large Peyer’s 
patch in which no germ centres were seen. Mitotic figures were not numerous. 
The villi contained very few leucocytes. The lymph vessels were distended 
with fluid but contained no cells, 

(6) Intestine 57 cm. from pylorus. This showed one or two separate 
lymphoid follicles which contained no germ centres and not many mitotic 
figures. The villi contained a greater number of leucocytes than those of (a). 


_ The lymph vessels contained no cells. 


We are thus unable to confirm Hofmeister’s observation, and in > 


_ view of the fact that there is no excess of leucocytes in the mesenteric 


vein over the number in the corresponding artery, and the fact that the 
adenoid tissue of the intestine shows no special activity, we conclude 
that the intestinal wall is not the source of sa leucocyte increase during 


digestion. 


Asherand Erdely have recently ® reinvestigated the condition of the 


lymphatic apparatus of the intestine during digestion. White rats were 


the animals chosen for their experiments, and it was found that different 
varieties of leucocytes were in excess in the villi when proteid, fat, or 
carbohydrate were given as a constant diet. As rats were not used for 
our experiments and proteids were the only food given we cannot well 
compare their results with our own. 
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DIGESTION LEUCOCYTOSIS. | 9 


CONCLUSIONS. 


1. During digestion a slight preliminary fall in the total number 
of leucocytes in the circulation may occur. Differential counts show no 
constant corresponding alteration. | 
2. A fairly regular rise in the total number of leticocytes then 
follows and reaches its maximum in about 4 hours after food. 

3. Digestion leucocytosis is not affected by removal of the spleen. 

4. The increase is due (a) to a lymphocytosis which is very constant 
as regards its incidence and degree, and (b) in the majority of cases toa 
polymorphonuclear leucocytosis much more variable in its degree. 

5. The eosinophil cells show very little change. 

6. The number and varieties of white cells in corresponding 
mesenteric veins and arteries during digestion are similar, and resemble 
those in the general circulation. Pohl’s conclusion that they are 
produced in the intestinal wall is thus negatived. 

7. We have been unable to detect signs of increased activity of the 
lymphoid tissue of the intestinal wall, and this appears still further to 
oppose the conclusions of Hofmeister and Pohl. 


In a future paper we propose to deal more fully with the source of 


the leucocyte increase. 
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THE ESTIMATION OF POTASSIUM AND SODIUM IN 

- URINE AND IN OTHER MATERIAL OF ORGANIC 

_ ORIGIN. By W. H. HURTLEY, D.Sc. (Lond.), anp 
K. J. P. ORTON, M.A. (Cantab.), Pa.}. (Heidelb.). 


(From the Chemical Laboratory of St Bartholomew's Hospital.) 


SoME years ago Dr Herringham drew our attention to the fact that 
the methods in general use of estimating potassium and sodium in 
urine, were in his experience highly unsatisfactory. Thus the method 
recommended in Neubauer and Vogel’s Textbook Analyse des 
Harns' was found to give the whole of the potassium and sodium as 
chlorides, not merely mixed with a trace of magnesium, but also con- 
taminated with phosphates. At his suggestion the investigation of — 
the estimation of these salts in urine was undertaken, with the object 
of determining the best procedure and its limits of accuracy. Since 
that time (1899), a paper dealing with this subject has been published 
by Garratt’, who has discovered some of the causes of error in the older 
methods, which have in the meantime been found by ourselves. Thus 
Garratt points out that from an acid solution containing magnesium, | 
calcium, potassium, and sodium as sulphates and phosphates; the mag- — 
nesium is not precipitated by treatment with barium chloride, ammonia 

and ammonium carbonate; we have found that not only is this true, 


__ but also that there is stent Gauger of leaving phosphate in the solution, : 


when this mixture is used. 

In the process here described the chlorides are converted into 
sulphates, as was recommended by Lehmann’, before the organic 
matter is burnt off. But instead of evaporating the urine with am- 
monium sulphate and then igniting (Lehmann and Garratt), it has 
been found far more effectual to add a small amount of pyrosulphuric 
acid to the residue left after evaporating the urine to dryness on the 


1 10th edition, 1898, p. 788. 
2 This Journal, xxvu. p. 507. 1902. 
5 Zeitsch. f, physiol, Chem. vit. p. 508, 1884, 
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POTASSIUM AND SODIUM ESTIMATION. 11 


water-bath; a ba rapid oxidation of the organic matter now takes 
lace, 

: The urine (50—100 c.c.) is evaporated in a platinum dish as 
completely as possible on a water-bath, and then 5—10 cc. of pyro- 
sulphuric acid (Nordhausen sulphuric acid) added. On gently heating 
the dish, which is covered with a clock glass, a vigorous reaction sets 
in with evolution of carbon dioxide and sulphur dioxide. When the 
evolution of gas has ceased the dish covered with the clock glass is 
heated over an Argand burner, using at first a very small flame; the 
liquid rapidly clears and becomes pale brown in colour; the temperature 
is now raised and the heating continued until the liquid is quite 
colourless. During this process the dish must be covered with the 
clock glass, otherwise the sulphur trioxide which effects the oxidation 
escapes. The clock glass is now removed, and the excess of sulphuric 
acid evaporated ; finally the temperature is raised to such a point that 
the pyrosulphates are converted into sulphates, and the ammonium 
salts completely volatilised. 

When large quantities of organic matter are present, .complete 
oxidation by means of pyrosulphuric acid is slow; such, for example, 
is the case in analyses of albuminous urine or of meat, etc. The process 
is very much hastened by treating the residue left after evaporation 
first with pure sulphuric acid, and then pure nitric acid (sp. gr. 1°5). 
Rapid oxidation now takes place, frequently without application of 
heat: the contents of the dish are then dealt with as in the method 
just described. When both sulphuric and nitric acids are employed 
a porcelain dish must be used, as platinum is attacked by the mixture 
of acids: there is now some risk of introducing alkalis from the 
porcelain. 

In both cases the residue, which consists of potassium, sdk 
calcium and magnesium as. sulphates and phosphates and should 
be quite white, is taken up with a very little dilute hydrochloric 
acid. 

Two methods of procedure may now be followed in order to obtain 
the potassium and. sodium as chlorides free from other bases and acid 
radicles. The first method which is described below is considerably 
the longer and more tedious, but removes every trace of magnesium 
from the alkali chlorides; the second method is a slight but very 
essential modification of that given in Neubauer and Vogel's Analyse 
des Harns; in this method a small amount of magnesium chloride 3 18 
left mixed with the potassium and sodium chlorides. 
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12 W. H. HURTLEY AND K. J. P. ORTON. 


Method 1. The solution of the residue in dilute hydrochloric acid 

is poured into a hot solution of ammonium oxalate (about 10 c.c. of a 
saturated solution) and then ammonia added. The calcium is thus 
precipitated as oxalate and the magnesium as phosphate. In normal 
urine there is generally sufficient phosphate to completely precipitate 
the magnesium; occasionally after the administration of magnesium 
salts, for example, this is not the case. Under these circumstances 
ammonium phosphate should also be added. The mixture is kept for 
several hours and then filtered from the crystalline precipitate, which 
is washed with ammonia (one part of ammonia sp.- gr. 0°96 to three 
_ parts of water). Ammonium salts are. expelled by evaporating the 
filtrate to dryness and igniting in a platinum dish. Chloride is 
removed and all metaphosphate converted into orthophosphate by 
evaporating the residue with nitric acid in a porcelain dish. The 
sulphate and phosphate are now eliminated together by the following 
process: to the solution which contains a small excess of nitric acid, 
from 25—40 cc. of a 10 per cent. solution of silver nitrate is added, 
and then barium carbonate until the solution is neutral’, The granular 
precipitate of silver phosphate and barium sulphate containing excess 
of barium carbonate is far more easily filtered and washed than that 
got by use of baryta mixture. It is obvious that sufficient nitric acid 
should be present to completely combine with the potassium and 
sodium after the removal of the sulphate and phosphate*. From the 
filtrate the silver is precipitated by hydrochloric acid. Before the 
removal of the barium it is necessary to free the solution from 
“ammonium salts by evaporation and ignition (in platinum). The 
residue is dissolved in water, filtered if necessary, and the barium 
thrown down by ammonium carbonate and ammonia, and the pre- 
cipitate of barium carbonate, which should only be small, is well 
washed with hot water containing a trace of ammonia, The filtrate, 
in which the potassium and sodium are dissolved as nitrates, is 
evaporated several times with hydrochloric acid (in porcelain), and 
then ignited to expel ammonium salts. The residue is dissolved in 
water, and the solution filtered from a little iron probably introduced 
in the acids, The solution is evaporated in a weighed platinum dish 
and the weight of the mixed potassium and sodium chlorides ascertained. 


1 The removal of phosphates from solutions of alkali orthophosphates by silver nitrate 
in neutral solutions is recommended in Fresenius’ Quantitative Analysis, Vol. 1. 
_® Barium carbonate in the absence of silver nitrate will not remove the whole of the 
phosphate from the solution. 
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These salts are then dissolved in 100 c.c. of water and the chloride 
estimated in an aliquot part (50- cc.) by titration. with N/10 silver 
nitrate, with the chromate indicator. If «=the amount of KCl, and 
y that of NaCl, then «+y=4A, the weight of the mixed alkali 
chlorides; and 35°5 2/74°5 + 35°5 y/58°5 = B x 0°00355, where B is the 
number of c.c. of V/10 silver nitrate; whence 


a = 0027239 x B—3°656 x A. 


This means of determining the proportion of the potassium and 
sodium is far more rapid than the precipitation of the potassium as 
platini-chloride, and not less accurate, at least, when the sodium is 
present in considerable quantity. In common with all differential 
methods a very small inaccuracy in the titration of the chloride 
affects greatly the proportion of the alkalis. The weighing of the 
alkalis as sulphates, and the estimation of the sulphate as barium 
sulphate, is according to Kretschy’, open to still greater objection 
than the estimation as chloride. 

Method 2. To the solution of the solid residue in dilute hydrochloric 
acid, barium carbonate (3 grams for every 50 c.c. of urine) is added, 
precautions being taken to avoid loss owing to the evolution of carbon 
dioxide ; one or two c.c. of a saturated solution of barium hydroxide or 
barium chloride are then run in, and the precipitate, which contains the 
sulphate and phosphate and settles rapidly, is filtered and washed. The 
filtrate is heated, and ammonia and ammonium carbonate successively 
added. When the mixture is cold, the precipitate, which is mainly. 
barium carbonate, together with a small quantity of calcium carbonate, 
is collected*. The filtrate is evaporated in platinum and ignited, and 
the potassium and sodium estimated in the residue as in Method 1. 

Although in the first method the potassium and sodium can be 
obtained as chlorides, quite free from other bases and acid radicles, and 
in the second method mixed only with a small quantity of magnesium 
and possibly a trace of calcium, it was always found in the analysis of 
artificial urines that a small loss had occurred. This loss generally 
amounted to 2—4 per cent. of the total amount of alkali chlorides, or 
to a weight of 4—6 mgr. in the analysis of 50 c.c. of an average urine. 


1 Zeitsch. f. analytische Chem. xv. p. 37. 1876. 

2 The addition of barium chloride, ammonia and ammonium carbonate successively to 
the solution of the solid residue obtained after evaporation of the urine and ignition with 
sulphuric acid, as recommended in the Analyse des Harns, does not remove the whole of 

the phosphate. 
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This falls behind the degree of accuracy attained by Garratt’ in the 
use of his modification of Lehmann’s process. In addition to the well- — 
recognised loss of alkalis, which occurs in the precipitation of barium 
with animonium carbonate’, a small loss probably always takes place 
during the ignitions. That the errors arising from these various causes 
are constant is shown by the fact that different analyses of the same 
urine were found to give very concordant results. Besides being used 
by Dr Herringham and one of us (Hurtley) in the analysis of over 
70 different urines, the method has also been employed in the estimation 
of potassium and sodium in feces, blood, lymph, meat, etc. In lean meat 
(beef) 0°722 per cent. of potassium chloride and 07112 per cent. of sodium 
chloride were found to be present. Martin found in meat, potassium 
chloride 0°7418 per cent. and sodium chloride 0°107% per cent. | 


1 loc. cit. 
* Kretzschmar, Zeitsch. f. analytische Chem. xxvim. p. 95. 1889. 
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REFLEX PUPIL-DILATATION BY WAY OF THE 
CERVICAL SYMPATHETIC NERVE. By H. K. 
ANDERSON, M.D., Fellow and Lecturer of Gonville and 
Caius College, Cambridge. (One Figure in Text.) 


(From the Physiological Laboratory, Cambridge.) 


Previous observations. 

Effect of tactile and pathic stimali after section of the Srd nerve. 
Effect of light after section of the 3rd nerve. 

Reflex pupil-dilatation from the spinal cord. 
Occurrence of hippus. 
Summary. 


I. Previous observations. 


It was assumed by early observers that pupil-dilatation was effected 
solely through the cervical sympathetic nerve, till in 1861 Balogh’ 
_ observed dilatation after excision of the superior cervical ganglion. 
Vulpian* moreover observed reflex dilatation after removal of both 
the superior cervical and stellate ganglia, but the occurrence of 
reflex dilatation under the latter conditions was still attributed at first 
to dilatator fibres which were supposed to run by some other tract than 
the cervical sympathetic nerve. 

In 1883 however Bechterew* contended that the pupil-dilatation 
which followed stimuli causing pain (schmerzhafte Reize) was not 
effected through the sympathetic, but caused solely by inhibition of 
the light-reflex, i.e. by a decrease of the impulses passing by the 3rd 
nerve. He based his hypothesis mainly upon the following considera-' 
tions, (1) that if one optic nerve had been cut no further pupil- 


1 Balogh. Moleschott’s Untersuch. vit. p. 423. Quoted from Henle und Meissner’s 
Jahresber. p. 454. 1861. | 

* Vulpian. Comp. rend. uxxxvu. p. 231. 1878. 

Bechterew. Pfliiger’s Archiv, xxx1, p. 81. 1883. 
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dilatation was caused in the eye of that side by pathic stimuli unless 
the opposite eye was open, and contraction thereby excited in the 
sphincter iridis on the side of the lesion, (2) that the dilatation was 
inconsiderable when the eyes were examined in dim light, (3) that the 
degree of dilatation did not exceed that which followed the withdrawal 
of light, and (4) that in disease the absence of the light-reflex was 
always associated with absence of reflex dilatation upon pathic stimula- 
tion. More recently Braunstein’ has brought forward experimental 
evidence to support Bechterew’s hypothesis. After section of the 
3rd nerve inside the skull, he stimulated the central end of the sciatic 
nerve with strong and weak currents at periods varying from 12 days 
to 7 months after the operation and could detect no reflex movement 
of the pupil in the photographic records he took by Belljarminoff's 
method. He, moreover, observed no change in the size of the pupil 
between the operation and the final experiment, though during the 
latter he obtained pupil-dilatation upon stimulation of the cervical 
sympathetic nerve. 


Il. Effect of tactile and pathic stimuli after section of the Srd nerve. 


It will be seen from the foregoing account that recent experiments 
have thrown considerable doubt upon the occurrence of pupil-dilatation 
after section of the 3rd nerve. On this point I have made five experi- 
ments. They were all made on cats, anesthetised first with ether and 
then with equal parts of ether and chloroform. In some the ciliary 
ganglion was excised or the short ciliary nerves cut close to the ganglion 
(see protocols of experiments below): this is as regards the pupil 
equivalent to section of the 3rd nerve, and for convenience I shall, 
unless there is reason to the contrary, speak of these operations also 

as sections of the 3rd nerve. : 

In each of these experiments after section of the 3rd nerve marked 
dilatation of the pupil was obtained by stimulation of various afferent 
nerves. The stimuli employed were, (a) stimulation of the central end 
of the sciatic nerve by the interrupted current, (b) pinching the skin, 
(c) stroking the hairs. The dilatation was accompanied by retraction 
of the nictitating membrane, separation of the eyelids, and more or 
less protrusion of the eyeball. None of these effects could be obtained 


1 Braunstein. Die Lehre von der Innervation der Wiesbaden, 
1894, p. 93. | 
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REFLEX PUPIL-DILATATION. 17 


after section of the cervical sympathetic in addition to the 3rd nerve. 
The motor impulses therefore passed by the sympathetic nerve. 3 
At the commencement of the experiments I applied 1°/, eserine 
locally to the eyes so that the pupils should remain small even after 
division of the pupil-constrictor tract—under these conditions pupil- 
dilatation was generally very obvious when the central end of the 
sciatic nerve was stimulated. Reflex dilatation (and the allied ocular 
phenomena connected with stimulation of the sympathetic) were also 
readily excited, as shown in the following protocols, by stroking the 
hairs on the back of the neck or touching the nose on the same side. 
Braunstein’s photographic records, moreover, do not appear- to 
be inconsistent with a double origin of the reflex pupil-dilatation. 
_ Figs. 1, a, b,c, d below have been drawn from some of Braunstein’s 
figures; Fig. 1 d represents the type of reflex pupil-dilatation which. 


a. 


Fig. 1. 


Figs. 1, a, b, o, @ have bese Orne respectively from Braunstein’s figs. 2, 16, 11, and 15. 
Fig. le has been constructed by the superposition of fig. 1d upon fig. le. The 


figures have been arranged under one another so that the point of stimulation 
coincides in each case. 


Braunstein regards as normal; it is a record of the dilatation caused 
by stimulation of the central end of the sciatic nerve. Fig. 1 c 
represents the curve obtained upon stimulation of the same nerve if 

PH, XXX. 2 
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the cervical sympathetic nerve be cut. The latent period in this case 


is much longer and the maximal dilatation more slowly attained. 

Fig. 1 6 represents the curve obtained by taking a forefoot in the 
hand, and Braunstein notices that a similar curve is obtained when 
the ear or hair on the neck is stroked. The form of curve in these 
cases corresponds very closely with that observed upon stimulation 
of the cervical sympathetic nerve, Fig. 1 a, and it will be remem- 
bered that in my experiments stroking the hairs readily caused 
reflex dilatation of the pupil after the 3rd nerve was cut. Further on 
superimposing Fig. 1 6 upon Fig. 1c a curve is obtained (Fig. 1 e) 
which approximates in general form to the normal curve. It seems not 
improbable, therefore, that the first phase of dilatation in Fig. 1 d is 
due to a reflex augmentation of the dilatator tone through the cervical 
sympathetic, and the second seoge of dilatation to inhibition of pupil- 
constrictor tone. 


III. Effect of light after section of the 9rd nerve. 


Although tactile and pathic stimuli produce reflex dilatation by way 
of the sympathetic I do not find that this is the case with the stimulus 
arising from a beam of light thrown into the eye. 

Braunstein’ and others have found that variations in illumination 
have no effect on the pupil after section of the ont nerve. This was 
also the case in my experiments. 

There is however one fallacy to notice. If a cloth or the hand is 
placed over the eye to obscure the light, on rémoving it there is usually 
dilatation of the pupil. Careful experiments however show that this is 
due to tactile stimulation of the hairs and skin, for touching these alone 
is sufficient to produce the effect, and if the animal is placed in a dark 
room and a beam of light allowed to fall into the eye (cf. Exps. 1—5, 
p. 19) no trace of effect is produced. : 

In another series of experiments the ciliary ganglion had been 
removed under anzsthesia from cats (or the short ciliary nerves cut) 
some days previously. In these no change in the size of the pupil was 
detected if the cat was kept for an hour first in bright light and then 
for an hour in dim light or vice versd, but in one of them there was an 
initial dilatation of the pupil (followed by oscillations of the edge of the iris) 
each time the eyelids were opened after I had closed them with my fingers. 
This. dilatation, however, must also be attributed to tactile stimuli. In 


1 Braunstein. loc. cit. p. 94. 


a 
cf 
| 
a 
Ag 
a 
4 
< 
> 
4 
: 
4 
| 
| 
| 
A 
4 
sam | 
i= 


REFLEX PUPIL-DILATATION. 19 


other similar experiments I did not detect under similar conditions any 
such dilatation, and it should be noted that in the cat in which it was 
observed the pupil was not fully dilated as it generally is after the 
removal of the ciliary ganglion. — The cause of the constricted pupil 
in this case will be discussed in a later paper: it was not due however 
to the escape of any pupil-constrictor fibres from section since stimulation 
of the 3rd nerve subsequently had no effect on the pupil. I am inclined 
to attribute my failure to detect reflex dilatation in the other experiments 
to the fulness of the pupil in these cases, since as mentioned above I 
also failed to detect pupil-dilatation in the other series of experiments © 
when the pupil had become dilated in the later stages of the experiment, 
though I had previously observed it in the earlier stages when the pupil — 
(under the influence of eserine) was smaller. | 

I had expected that light might cause an inhibition of the central 
tone of the sympathetic and so lead to constriction of the pupil, in 
accordance with the observations of Sherrington that activity of one 
muscle is often accompanied by a relaxation of its antagonist, but I have 
been unable to obtain constriction of the pupil after section of the ord 
nerve either by light or by any other stimulus. 

I append protocols of three experiments. 


Exp. 1. Cat. 

11. 20. Chloroform given, then equal parts of ether and chloroform: 1°/, eserine 

applied locally to the eyes. 

L. ciliary ganglion freed from 3rd nerve and drawn forward. | 

L. sciatic nerve exposed and cut; central end tied. The left pupil remains at 
about } of its full dilatation. 

11.35. C=20. L. sciatic stimulated, 1. pupil dilates readily: repeated 6 times with the 
same result. 

12.9. 1, sciatic stimulated, 1. eyelids open, 1. pupil dilates. 

12.13. repeat, 1. nictitating membrane also retracts. 

12.15. LL. symp. n. exposed and silk thread passed under it. 

12. 38. For the last 20 minutes an obvious rhythmic dilatation of the pupil has 
continued simultaneously with a rhythmic separation of the eyelids: the 
rhythm has been irregular ; the successive dilatations occur with intervals of 
5 to 10 seconds, and vary in degree. 

12, 384. cut. 1. symp. nerve; rhythm ceases at once. 

12. 394. LL, sciatic nerve stimulated, no response in eye. 

Cut right 38rd nerve proximally of ciliary ganglion. 
12. 50. - Stimulate 1. sciatic n., r. pupil dilates; r. nictitating membrane sildaiins 
r. eyelids part 

1.46. Since 1,10 an ieee rhythmic pupil-dilatation has been observed at 
intervals of 12 to 20 seconds. 

2.50. Since the rhythm ceased over 20 observations have been made (with intervals 
of 1 to 2 minutes between each) upon the effect of covering the eye lightly 
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with a cloth, the other eye being-closed. Each time the cloth was removed 
the r. pupil dilated, the nictitating membrane retracted and the eyelids 


parted. 
L. sciatic stimulated 4 times, each time reflex dilatation of pupil, retraction of 


& membrane, and parting of eyelids. 

R. symp. nerve cut. 

L. sciatic stimulated, now no response, 

R. and |. 8rd nerves stimulated within skull, no ‘cinti-oiesicialion stimula- 
tion of r. and 1. ciliary ganglia, fair pupillo-constriction. 


Similar results were obtained in another similar experiment, Exp. 2. 
Exp. 3. Cat. 


2. 0. 


2. 10. 
2. 15. 


8, 24, 


11. 30. 
11, 38. 


11. 42. 


12, 0. 


12, 13. 


Chloroform, then equal parts of chloroform and ether given : 1°/, eserine = 
locally to eyes. 

ciliary ganglion has been removed. 

till 8. 10. cat in dark room. The light of an incandescent gas-burner focussed 
upon 1. eye through a window which can be occluded by allowing a trap-door 
to fall. Intervals of 1 to 3 minutes allowed between successive illuminations 
of the eye.- No pupil-dilatation observed, nor any retraction of the nictitating 
membrane, or enlargement of the palpebral fissure. 

L. sciatic stimulated, good pupil-dilatation in 1. eye: repeated with same 
result, 7 

L. eye covered with cloth, r. eye being closed; artificial light focussed so as to 
fall on eye when cloth removed; 5 observations with intervals of 2 minutes 
between each: each time the cloth is removed the 1. pupil dilates, the 
1. nictitating membrane is retracted, and the |. eyelids are parted. 

Light again excluded and readmitted to eye by means of trap-door instead of 
covering the eye with cloth—no response from eye now on readmission of 
light. 

L, sciatic stimulated ; fair pupil-dilatation |. side. 

L. c. symp. nerve cut. 

L. sciatic stimulated, no response. 


Cat. 


Chloroform, then chloroform and ether: 1 °/, eserine applied locally to eyes. 

tracheotomy. 

Left 3rd nerve has been cut proximally of the ciliary ganglion. 

on removing a cloth placed over the eye to exclude the light the 1. pupil dilates, 
the 1. nictitating membrane is retracted, and the eyelids separate. This 
observation was repeated several times. 

Head placed in a light-proof case in which there is a trap-door — which 
bright sunlight can be admitted to eye. 

No response to the admission of light. 

skin of back pinched, 1. pupil dilates well at once. 

L. sciatic stimulated, good pupillo-dilatation 1. eye. 

Twice no response on admitting light through trap-door, 

6 times, good pupillo-dilatation on removal of hand if hand placed over eye to 
exclude light. 


6 times, no response on readmitting light through trap-door without touching 
cat. 
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12.21. Anmsthesia deepened. 
12, 26, rhythmic pupil-dilatation has occurred since anmsthesia was deepened at 
: intervals generally of 4 seconds but sometimes longer. 
12.29. anesthesia lighter. 
12. 30. rhythm has ceased. 
12.31. pinch skin of back, 1. pupil dilates. 
12.44. 6 times, good pupil-dilatation after removing hand or cloth from over eye. 
12. 45. Hairs on back stroked, wide pupil-dilatation. 
12.52. Anssthesia deepened, rhythmic pupil-dilatation as before at intervals of 10 to 
20 seconds. 
L. pupil dilates well if hairs on eyebrow or on side of nose are stroked. 
wide pupil-dilatation on stroking hairs upon the back. . 


L. sciatic stimulated, good pupil-dilatation 1. eye. 

to 1. 50. r. 3rd nerve cut proximally of r. ciliary ganglion. 
Hairs touched on r. cheek, r. pupil dilates. 

Touched nose several times, r. pupil dilates each time. 

L. sciatic good pupillo-dilatation. 


Gave very similar results, 


IV. Reflex pupil-dilatation from the spinal cord. 


Braunstein’, like Kowalewsky’, failed to evoke reflex pupil- 


dilatation from the centum cilio-spinale after the spinal cord had been 


severed above, though Luchsinger® and later Luchsinger and Guille- 
beau‘ had observed reflex dilatation under these conditions. 

I have only made one experiment. I did not repeat it since it gave 
@ positive result: in this the spinal cord of a kitten anzsthetised with 
ether was separated from the brain at the level of the Ist cervical nerve 
and the central end of the sciatic stimulated with a strong interrupted 
current after 1°/, eserine had been applied locally to the eyes. Slight 
but distinct pupil-dilatation occurred, though the dilatation was slow. 
The nictitating membrane also was slightly retracted, and the eyelids 
separated. I found that a second stimulation was ineffective unless an 
interval of some minutes was allowed to elapse after the previous 
stimulation. This reflex pupil-dilatation continued after the destruction 
of the brain and medulla, so that the result cannot have been due to 
reflex inhibition of pupillo-constrictor tone. 


1 Braunstein. loc. cit, p. 85. 1894. 

Kowalewsky. Archiv Slav. t. p. 575. 1886. 

’ Luchsinger. Pfiiiger’s Archiv, xxu. p. 163. 1880. 

Luchsinger and Guillebeau. Pfliiger’s Archiv, xxvut. p. 73. 1882, 
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Vv. AU the evn re forthe iis pst by the 
nd sympathetic nerves. 


The early experiments upon this subject have been collected by 
Eckhardt! and again together with more recent work by Braunstein’, 
to whose account I gratefully acknowledge my indebtedness. It is 
therefore unnecessary to describe the previous observations in detail. 

The search for pupil-dilatator fibres outside the cervical sympathetic 
tract has been mainly stimulated by the desire to account for reflex 
dilatation after section of this tract. The chief nerve by which dilatator 

res have been held to pass has been the trigeminal, but Frangois- 
Franck* and others have maintained that the ramus vertebralis con- 
tains such fibres, and. Budge‘ considered that dilatator fibres ran to the 
superior cervical ganglion from the lower part of the medulla oblongata. 

_ The absence of reflex dilatation after section of the 3rd nerve and 
the sympathetic (cf. section II. above) affords fairly satisfactory evidence 
against the presence of pupil-dilatator fibres in any of these tracts. 
There is also evidence against each of them. 

The evidence adduced in favour of dilatator fibres in the trigeminal 
nerve has been mainly twofold, (1) that the pupil becomes smaller after 
section of the nerve at its superficial origin, and (2) dilated on stimula- 
tion of the nerve between the Gasserian ganglion and the brain. In the 
_ first. case, however, the smaller pupil may be caused by the section of 
afferent fibres in the trigeminal, and not of efferent fibres; and in the 
second it is difficult to dismiss the suspicion that the dilatation even 
with mechanical stimulation is due to excitation of the post-ganglionic 
fibres of the sympathetic tract running in the trigeminal nerve. 
Braunstein® obtained no dilatation upon stimulation of the trigeminal 
nerve between the brain and the Gasserian ganglion except under 
conditions which did not exclude escape to the trunk nerve, and I 
have seen a slight tap on the base of the skull cause pupil-dilatation 
after section of the 3rd nerve and of the sympathetic in the neck. 

In the ramus vertebralis also no dilatator fibres have been found 


1 Eckhardt. Beit. zur Anat. u. Phys. xu. p. 188. 1888. 
_ * Braunstein. loc. cit. p. 30. 
* Francois-Franck. Compt. Rend. uxxxvut. p. 175. 1878. 


* Budge. Ueber die Bewegung der Iris, p. 127, Braunschweig, 1855. 
id loc. cit. p. 77. 
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by Guillebeau and Luchsinger’, Nawrocki and Przybylski?’, or 
Langley*. 

Langley‘ also has recently shown that after excision of the superior 
cervical ganglion and degeneration of the post-ganglionic branches no 
local dilatation of the pupil is observed upon stimulation of the sclerotic, 
but only local contraction of the sphincter, an observation I have myself 
twice repeated. In my second experiment I also failed to evoke either 
local or general dilatation upon stimulation of the iris (after removal 
of the cornea) upon the side of the lesion, although I readily evoked | 
dilatation upon the sound side. A similar observation had previously 
been made by Hurwitz*. In another experiment I failed to cause any 
pupil-dilatation by stimulation (within the skull) of the 4th, 5th, or 6th 
nerves in a cat from which I had removed the superior cervical ganglion 
some days previously. 

These observations, therefore, are against the presence of any pupil- 
dilatator fibres other than those which pass by the cervical sympathetic 
tract. 

Parsons’, moreover, has scents shown that no change occurs in 
the pupil upon stimulation of the cerebral cortex if both the third and 
sympatljetic nerves are cut. 

_ The absence of reflex dilatation after section of these nerves is also 

against the presence of pupil-constrictor fibres other than those issuing 
by the third nerve, since if other constrictor tracts existed there should 
be an inhibition of constrictor tone on stimulation of afferent nerves and 
consequently dilatation of the pupil. . 


VI. Occurrence of hippus. 


In the protocols given above it will be seen that rhythmic dilatation 
and constriction of the pupil (hippus) occurred after section of the 
3rd nerve. This phenomenon depended upon the integrity of the 
cervical sympathetic nerve since it ceased immediately when this nerve 
was cut: it was sometimes excited by tactile stimulation, eg. by 
stimulation of the eyebrow and eyelids, or by a certain state of 


1 Guillebeau and Luchsinger. Pfliiger’s Archiv, xxu. p. 157. 1880. 

2 Nawrockiand Przybylski. Pfliiger’s Archiv, v. p. 274. 1891. 

% Langley. This Journal, xt. p. 152. 1890. 

‘Langley. This Journal, xxv, p. 418. 1900. 

5 Hurwitz. Diss. inaug. Erlangen. 1873. — from Secunia: loc, cit, 
_p. 18.) 
Parsons. This Journal, xxvi. p. 366. 2001, 


> 
Bs. 
ag 
ag 
} 
“4 
vy 
‘ 
|. 
? 
4, 
a 
4 
RP: 
= 
4 
re 
AS 


24 H. K. ANDERSON. 


intoxication with ether and chloroform given in equal parts. The 


rhythmic oscillations of the pupil coincided in many observations with 
corresponding rhythmic movements of the eyelids and nictitating 
membrane, which also ceased on section of the sympathetic nerve. 

The origin of these rhythmic movements must therefore be sought 
the central nervous system. 


VII Summary. 


After section of the 3rd nerve dilatation of the pupil may be readily 
excited by tactile and pathic stimuli, but the dilatation ceases when 
the cervical sympathetic is cut also. 

No evidence has been obtained of efferent fibres to the iris except 
those in the 3rd and sympathetic nerves. 

No constriction of the pupil was caused after section of the 3rd 
nerve either by variations of the light or other sensory stimulation. 
There was theréfore no evidence of inhibition of the central — 
tone of the dilatator. 

After section of the 3rd nerve rhythmical variation of the size of 
the pupil may occur (hippus). This may sometimes be excited by 
tactile stimulation of the skin around the eye or by increasing the 
dose of ether and chloroform. The rhythm ceases at once on section 
of the sympathetic nerve. 

After section of the spinal cord immediately below the bulb 
stimulation of the central end of the sciatic nerve still causes slight 
pupil-dilatation, retraction of the nictitating membrane, and separation 
of the eyelids. 


In conclusion I wish to thank Dr Scaghoy for his kind help. 
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THE PRECIPITATION OF PROTEIDS BY ALCOHOL 
AND CERTAIN OTHER REAGENTS. By M. CHRIS- 
TINE TEBB. | 


(From the Physiological Laboratory, King’s College, London.) 
IN a discussion on the proteids which may occur in the urine, which 
was opened by Prof. Halliburton at the Pathological Society’ in 1900, 
he pointed out that the presence of albumin in the urine in greater 
quantity than the globulins of the blood when the damage to the 
kidney cells is comparatively slight, may possibly be a question of 
molecular size. Experiments by Gottwalt* had previously shown that 
albumin passes through the membrane of a dialyser more readily than 
globulin, and Dr T. G. Brodie stated at the same discussion that some 
experiments he had performed on perfusion of the isolated kidney 
supported the theory that the molecules of the globulins are larger 
than those of the albumins. 

Considering the difficulty of making direct observations on the | 
molecular size of proteids it is important to utilise all indirect methods 
for the purpose. The globulins are, as is well known, more readily 
salted out of their solutions than are the albumins; they coagulate 
as a rule at a lower temperature, and some of them, like fibrinogen, 
pass easily into insoluble modifications. All these facts oe to an 
extreme colloidal condition. 

If now we compare the colloidal with the crystalline carbohydrates, 
we see that the colloidal members of the group are readily salted out — 
from solution, whereas the crystalline ones are not. The dextrins, which 
occupy an intermediate place between the two divisions, are less readily 
salted out than the colloidal carbohydrates like starch and glycogen. 
The facility with which the carbohydrates are precipitable by alcohol 
runs parallel to this; starch and glycogen require a comparatively small 
amount of alcohol to precipitate them ; the dextrins require more, while 
the crystalline carbohydrates are soluble in alcohol. 


1 Trans. Path, Society, ut. Pt. 1. p. 136. 1900, 
2 Zeitsch. f. physiol. Chem. rv. p. 423. 
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It therefore became interesting to ascertain whether the proteids — 
form a series comparable to that described in the case of carbohydrates. 
The difficulty of precipitating the proteids whose molecules are com- 
paratively small (proteoses and peptones) by means of alcohol is 
a matter of common experience; and some members of this group are 
even stated to be soluble in alcohol. If, therefore, it can be shown that 
the globulins require a lower percentage of alcohol to precipitate them 


than the albuinins, we have an additional piece of evidence in favour of 


the view that the globulins have larger molecules than the albumins. 
This is the question which the following experiments have been 
designed to answer, and it will be seen at the conclusion that the 
answer is an affirmative one. 

Since I began this work a paper has appeared by W. Pauli and 
P. Rona’, who have pointed out the correspondence between the — 
precipitation of colloids by alcohol and by salts; but actual quantitative 
results such as I have obtained are not given. 

My experiments have been carried out with four typical groups 
of proteids, namely, those of blood, of egg-white, of muscle, and of 
milk, and I will begin by giving a general account of the method 
of procedure. 

In all cases I have dissolved the proteid in 0°75 per cent. sodium 
chloride, as several of the globulins examined are insoluble in water. 
The experiments were all performed in small corked flasks, using 10 c.c. 
of the solution of proteid, to which was added the amount of: pure 
alcohol calculated to be necessary to produce the required percentage 
of spirit. These flasks were kept in a cool place for approximately - 
24 hours. The alcoholic fluid was filtered, and was not used unless 
it came through the filter papers perfectly clear. It was then heated 
in a porcelain dish on a water-bath at 100°C. until the spirit had 
evaporated; the residue was extracted with a little water, and the 
xanthoproteic test performed in the dish, the contents of which were 
then poured into a test-tube for further examination of the colour. — 
I have dealt only with the amount of alcohol required to bring down 
the greater part and all but the last traces of the substance, as the 
amount required to commence precipitation necessarily depends on the 
strength of the solution of the proteid, and comparisons are possible 
only when solutions of the same strength are employed. Without 
realising this fact many observers have given figures for the amount 


1 Beitr. chem. Physiol, u. Pathol. 1. p. 1, 1902, 
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of a precipitant required to commence precipitation, and I have fallen. 
into this error myself in some determinations I made on the amount 
of alcohol necessary to cause initial precipitation in solutions of certain 
carbohydrates, and I wish to withdraw the results given’. 


PROTEIDS OF BLOOD. 


Fibrinogen. This was prepared from horse’s blood by the method 
of Hammarsten’. The precipitated fibrinogen was purified by 
dissolving in dilute sodium chloride, and reprecipitating with an equal 
- volume of saturated solution of sodium chloride ; and this was repeated. 
The fibrinogen was dissolved in 6 per cent. sodium chloride and the 
solution was diluted with water until only 0°75 per cent. of salt was 
present. I found that 20 per cent. spirit still left some proteid in 
solution, and that 80 per cent. spirit brought down all but traces’. | 

Serum Globulin. _Sheep’s serum was precipitated with an equal — 
volume of saturated ammonium sulphate; the precipitate was dissolved 
in water, and the solution reprecipitated with ammonium sulphate; 
this was repeated twice more, using on one occasion only half the bulk 
of saturated ammonium sulphate. The globulin was brownish, and I did 
- not succeed in removing the colouring matter by means of animal 
charcoal, The globulin, dissolved by the addition of a small quantity 
of water, was dialysed against running water, and finally against 
distilled water. The contents of the dialysing tube consisted of 
a precipitate of euglobulin and a solution of pseudoglobulin. 

(a) Serum Euglobulin. This was purified by dissolving in 5 per 
cent, ammonium sulphate (a somewhat cloudy fluid being the result) 
and dialysing. The freshly thrown down globulin was collected on 
a filter and washed well with distilled water; it was then dissolved in 
6 per cent. sodium chloride, which produced a cloudy solution; water 
was added until only 0°75 per cent. of salt was present, and this caused 
a small amount of precipitate to separate out, indicating that euglobulin 
is not very soluble in 0°75 per cent. salt solution. However, to this 
cloudy solution I added varying quantities of alcohol and found that 

20 per cent. spirit left but little euglobulin in solution, and with 25 2 
"This Journal, p. 428. 1898. | 
Pfliiger’s Archiv, xix. 8. 563. | 

* By this is meant throughout this paper that the xanthoproteic reaction of the filtrate, 
though exceedingly faint, was just detectable. Increasing the amount of spirit to quite 


high percentages never causes this faint residual resetion to disappear. It may fatal 
be due to non-proteid substances: - 
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cent. spirit precipitation was practically complete; but the presence 
of only 10 per cent. spirit was sufficient to bring down the greater part 
of the proteid. 

(8) Serum Pseudoglobulin. The clear solution of pseudoglobulin 
was purified by precipitation with ammonium sulphate, subsequent 
solution in water, and dialysis. I found that 40. per cent. spirit held 
a considerable quantity of the proteid in solution, but that with 50 per 
cent. spirit all but traces was precipitated. 

Serum Albumin. I prepared some serum albumin from horse's 
blood by Giirber’'s method’. The crystals were dissolved in water, 
and the ammonium sulphate used in their preparation was removed by 
dialysis. I used alcohol to precipitate the albumin from its aqueous 
solution, filtered at once, and dried the precipitate at about 40°C. The 
filtration being slow, the serum albumin became partially insoluble in 
water owing to the action of the alcohol ; however, on soaking a sample 
in water for some hours the greater part did dissolve. 

A solution of serum albumin in 0°75 per cent. sodium chloride 
solution was treated with varying quantities of alcohol, but I was unable 
to filter the alcoholic mixture clear until I had rendered it slightly acid 
with acetic acid. I found that 50 per cent. spirit was required to pre- 
cipitate all but the last traces of serum albumin. — 


-PROTEIDS OF EGG-WHITE. 


Egg Globulin. This was prepared in the usual manner from egg- 
white by precipitation with ammonium sulphate after removal of the 
ovomucoid. It was purified by reprecipitating with ammonium sulphate 
and redissolving in water five times, and washing with half-saturated 
ammonium sulphate. It was then subjected to dialysis. The contents — 


of the dialyser were filtered and, after removal of the precipitate thrown 
down on dialysis, the solution still contained a considerable amount of | 


proteid, pointing in this case, as in the case of serum globulin, to the 
presence of two distinct proteids, egg euglobulin and egg pseudoglobulin*. 

(a) Egg Euglobulin. The proteid thrown down on dialysis was 
washed well with water and was ground in a mortar with 6 per cent. 
sodium chioride, but very little dissolved. I tried the use of a trace of 
caustic soda to assist solution, subsequently neutralizing with hydro- 


1 Sitzwngsb. d. phys. med. Gesellsch. Wiirzburg, 8. 148. 1894; ibid, N.F. xxx. 
1895, 


2 Compare Leo Langstein. Beitr. chem. Physiol. u. Pathol, 1. p. 88. 1901. 
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chloric acid, but cannot say that this made any marked difference, 
However, I was able to obtain a solution which was rendered cloudy by 
boiling, and I found that 20 per cent. spirit was sufficient to precipitate 
all the proteid in the presence of 0°75 per cent. sodium chloride. 

(8) gg Pseudoglobulin. A much higher percentage of spirit was 
required to precipitate this; 50 per cent. spirit allowed a fair quantity 
of proteid still to remain in solution, 60 per cent. a less amount, and 
65 per cent. only a trace. | 

Egg Albumin. Crystals of egg albumin were prepared by 
Hopkins’s' method. The crystals were dissolved in water and 
dialysed until free from ammonium sulphate, first against running 
water and finally against distilled water, chloroform being used as 
antiseptic. Sodium chloride was then added until 0°75 per cent. was 
present. I found that 35 per cent. spirit left enough egg albumin in 
solution to yield a marked xanthoproteic reaction, whereas with 
40 per cent. spirit the xanthoproteic test gave but a faint straw colour, 
indicating that all but traces of the proteid had been precipitated: 


Proreips oF MUSCLE. 


_ Paramyosinogen. The difficulty of preparing this body free from 
myosinogen prevents me from making a definite statement as to the 
amount of alcohol required for its precipitation, but such results as I 
have obtained indicate that paramyosinogen (v. Fiirth’s myosin) is a 
body requiring but a small proportion of alcohol for its precipitation 
and the relation between this body and myosinogen (called myogen by 
v. Fiirth and described by him as an atypical globulin) appears similar — 
to that existing between the euglobulins and the pseudoglobulins of 
serum and egg-white. 

I tried first to prepare paramyosinogen by dialysing a saline extract 
of muscle; but the body thrown down on dialysis appeared, after well 
washing with water, to be quite insoluble in sodium chloride, and was 
probably myosin (myosin-fibrin v. Ftirth) itself, the paramyosinogen 
having undergone conversion into that substance. : 

I tried also to prepare it by precipitating muscle plasma from the 
rabbit with three-quarters of its volume of saturated ammonium 
sulphate, as recommended by v. Fiirth*, but this, as Dr T. G. Brodie 
pointed out to me, does not effect a complete separation of the 


1 This Journal, xxv. p. 306. 1900. 
* Archiv fiir experi, Path, u. Pharmakol. Prag., 1895. 
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paramyosinogen from myosinogen, for after heating a solution of the 
precipitate to 47°—48°C. and filtering, there was a fairly abundant 
precipitate when the fluid was heated to 56°, thus indicating the 
presence of myosinogen. 

The method finally adopted was as follows: muscle plasma, prepared 
by v. Fiirth’s method, was first heated to 40° C. and filtered, in order to 
separate out any soluble myogen-fibrin which might have been formed. 
The filtrate was then treated with varying quantities of alcohol, and 
gave with 5 per cent. spirit a slight precipitate, more with 10 per cent., 
and more still with 15 and 20 per cent, spirit. 

_ Another portion of the same muscle plasma was then heated at 
50° C. for some time, to separate the paramyosinogen, and filtered; this 
filtrate gave an abundant precipitate on heating to 56° and so. contained 
myosinogen. .This filtrate gave no precipitate or cloudiness with 5 or 
10 per cent. spirit ; a slight precipitation began with 20 per cent. spirit, 
and was much heavier with 40 per cent. spirit; hence I conclude that 
the precipitate, produced by adding 5 to 20 per cent. spirit to muscle — 
plasma, is due, at any rate chiefly, to paramyosinogen, showing that'this — 
body is precipitated with a smaller quantity of alcohol than is required 
for myosinogen. I have also confirmed v. Fiirth’s statement that 
paramyosinogen is converted into a coagulum by a short eapouare to 
the action of alcohol. 

Myosinogen. The blood of a rabbit was removed by injection of 
normal saline solution, and the pale muscles were treated with a 6 per 
cent. solution of sodium chloride; the extract on heating at 40° for five 
minutes deposited a slight precipitate, presumably of soluble myogen- 
fibrin, and gave a fairly clear filtrate. This filtrate was dialysed in 
presence of chloroform against running and finally against distilled 
water, until it gave but a faint haziness with silver nitrate. By this 
means all the paramyosinogen was precipitated and the contents of the 
dialyser were filtered. The filtrate was clear, and when heated to 40° 

: ‘" gave no coagulum, so I concluded I was dealing with an aqueous 
: solution of myosinogen. To this aqueous solution T added sodium 
: chloride to 0°75 per cent. and alcohol in varying quantities, and found 
that the greater part of the myosinogen was thrown down with 65 per 
cent. spirit, but not until 80 per cent. was used could I say that the 

proteid was present only in traces. | 
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Tue PRoTeips or MILK. 


Lactalbumin. This I prepared by adding to milk, taken from the 
cow not more than six hours previously, an equal bulk of saturated 
-ammonium sulphate to precipitate the caseinogen ; this was filtered off 
and a further addition of ammonium sulphate to the filtrate precipitated 
the lactalbumin. This precipitate was washed with ammonium sulphate, 
dissolved in a small quantity of water, dialysed against running water 
and finally against distilled water until the contents of the dialyser no 
longer showed the presence of sulphate. Sodium chloride was added 
until 0°75 per cent. was present and I added varying quantities of 
alcohol to several portions; 65 per cent. spirit precipitated the bulk of 
the proteid, but I found that the action of 80 or 85 per cent. spirit was 
necessary to render precipitation practically complete. 
I noticed that lactalbumin gave a precipitate with nitric acid, and if 
this be filtered while hot the filtrate becomes cloudy on cooling. and 
clears again on heating, just as in the case of albumose; but in the 
specimens of milk I used, which were always obtained direct from a 7 
farm, I could not detect albumose by Gnezda’s and other reactions. _ 
With solutions of crystallized egg albumin and serum albumin I did . 
not get this reversible action with nitric acid, so conclude it is a 
peculiarity of lactalbumin. 
Caseinogen. I prepared this by Ringer’s method with a slight ~ 
_ modification, which was to dilute the milk very greatly before precipi-. 
tating with acetic acid, as I thought by this means to separate the 
lactalbumin more effectually. 
New milk was diluted with water so that each litre contained only 
25 c.c. of milk; to every litre I added 1 c.c. of glacial acetic acid and in 
a few minutes the precipitate of caseinogen and entangled fat had 
settled, and I was able to siphon off the greater part of the fluid, and 
filtration did not take Jong. The precipitate was washed on the filter 
for a short time to remove some of the acid, and was ground with chalk 
and put into a tall cylinder of water, and allowed to settle until next 
day. In every case the solution of caseinogen was quite clear on 
filtration’, Different quantities of alcohol were added to several 
portions, and I found that with 40 per cent. spirit the solution became 
clear at once on filtration ; though it gave a xanthoproteic reaction with 


1 Adopting Osborne’s nomenclature (this Journal xxvu. p. 398) this would be a 
solution of calcium caseinogenate; he however never obtained clear solutions. of this 


substance. 


a 
. 
A 
B 
| 
wi 
+ 
ia 


60 and with 80 per cent. spirit; and even with 90 per cent. spirit there 


was a xanthoproteic reaction showing the presence of proteid in more 


than a trace. However, the bulk was precipitated by 45 per cent. 
spirit. Considering the large quantities of water I used I think I may 
safely say that the xanthoproteic reaction after large quantities of spirit 
is due not to lactalbumin but to caseinogen itself. 

The results may be tabulated as follows: 


Fibrinogen All but traces precipitated by 30 p.c. spirit. 

Serum euglobulin 2, 
Serum pseudoglobulin 50, 6» 
Egg euglobulin 20 » » 

Egg albumin ” ” 40. 
Myosinogen ” ” ” 80 ” ” 
but the bulk was brought down by 65 ,,__,, 
Lactalbumin All but traces precipitated by 80—85 _,, 
but the bulk was brought down by 65 ,, _,, 
n completely precipitated by 90 ,, 


. though the main bulk was brought down by 45 ,, __,, 


It is seen from these figures that the true globulins, that is, those 
insoluble in water, are more readily precipitated by alcohol than are 
the pseudoglobulins, which resemble the albumins by requiring more 
ulcohol to precipitate them. The result with caseinogen is a little 
curious ; this is a proteid which like a globulin is readily salted out of 
solution, but on the other hand it is not coagulated on heating its 
solutions, and from this point of view does not possess extreme colloidal 


properties. 
Considering the way in which this investigation wlsieass from 


a study of proteids in pathological urine, it is interesting to note some 


results published within the last few months by J. Joachim’; he 
finds that when serum globulin occurs in the urine it is almost 


_ exclusively pseudoglobulin which is present. 


T next thought it might be interesting to compare the solubilities 
of a few proteids after the action of ne alcohol for different periods 
of time. 


1 Pfliiger’s Archiv, xcm. 558. 1908. 
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To 10 cc, of proteid dissolved in 0°75 per cent. salt solution I added 
100 c.c. of 95 per cent. spirit; and after varying lengths of time had 
elapsed I filtered off the precipitated proteid, dried it on a sheet 
of glass at the temperature of the room, ground it to a powder and left 
it soaking 24 hours in 10c.c. of water or, in the case of euglobulin, 
in 6 per cent. solution of sodium chloride. The proteids I employed 
were sernm albumin, euglobulin and pseudoglobulin, lactalbumin and 
caseinogen. Serum albumin I found still very soluble after three | 
months’ action of spirit, and lactalbumin still dissolved in considerable 
amount; pseudoglobulin and caseinogen yielded solutions which gave 
marked xanthoproteic reactions, but there was much residue undissolved. 
The 6 per cent. salt extract of euglobulin was practically proteid free ; 
though after only four weeks’ action of spirit the extract became cloudy 
on boiling. | 

Euglobulin, which had been subjected to the action of spirit for 
a single day was apparently unaltered after soaking 24 hours in 6 per 
‘cent. salt sdlution; a little did dissolve, for the extract gave a 
coagulum on boiling; after the same lapse of time (24 hours) caseinogen 
and pseudoglobulin noticeably dissolved in water, and serum albumin 
and. lactalbumin were almost completely soluble. 

These experiments do not show any great demarcation amongst the | 
proteids dealt with, but I think there was sufficient evidence to show 
that euglobulin is much more readily rendered insoluble by spirit 
than is albumin, while pseudoglobulin and a occupy an 
intermediate position. 


The precyntability of certain proteids by ether. 

The statement is generally made in the text-books that one 
distinction between egg albumin and serum albumin is that whereas 
the former is precipitable by ether, the latter is not. ‘ 

On looking into the matter I have not discovered the actual origin 
of this statement, which however dates from a period when our 
knowledge of the proteids was considerably less than it is now. The 
following directions are given in Burdon Sanderson’s Syllabus of 
Practical Lessons, dated 1879 :— 

“Dilute serum of blood with distilled water, so that the mixture 
shall have as nearly as possible the same specific gravity as a solution 
of albumin.” (He refers to a 5 per cent. solution of white of egg.) 
“Dilute 5 c.c. of each liquid with two or three times its bulk of 0-1 per 
cent. sulphuric acid. Add ether, and shake briskly.” 
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From this it will be seen that the test was applied not to serum 
albumin and egg albumin, but to these proteids in presence of other 
materials. 

On following Burdon handueaon’ s directions I found that white 
of egg gave an immediate precipitate with ether and that serum 
did not; on allowing the mixture of acidulated dilute serum and ether — 


to stand it gradually became cloudy, and in two hours a finely divided 


precipitate, suspended in the fluid, was visible. 
For this experiment I had diluted the serum about ten-fold before 


' adding the acid. When, however, I used serum of nearly full strength 


with two volumes of acid, shaking with ether produced an immediate 
cloud, which became much thicker on standing; and if only half 
a volume of acid was added to serum, the whole fluid, which on 
shaking with ether became immediately milky, shortly afterwards . 
assumed a jelly-like consistency. Batty Shaw’, relying upon the usual 
text-book statement, attempted to dissolve by ether the fat from 
chylous effusions and certain chylo-albuminous urines he was examining, 
but noticed that after a few hours the mixture became gelatinous, so 
that thie test-tube could be inverted without spilliong its contents. 
There was no question that the proteids to which this was due were 
those of the blood, and he brought the matter before the notice 
of Prof. Halliburton, at whose suggestion I have performed the 
following experiments with some purified proteids. They show that 
there are differences between the proteids in their precipitability by 
ether. . 

(1) A neutral dialysed solution of egg albumin 
crystals gives no immediate precipitate with ether, though on standing 
there is a little flocculent precipitate in the upper ethereal layers. — 
If some dilute sulphuric acid be added to the egg albumin solution 
there is immediate precipitation when it is shaken with ether. In 
this case a bulky precipitate falls. 

(2) Serum Albumin. A neutral solution of serum albumin crystals 
shaken with ether gave no precipitate either with or without the 
addition. of sulphuric acid; even on standing over-night the upper 


ethereal layers became only an emulsion, without precipitate, or merely 


showing a few minute flocculi on microscopic examination. 
(3) Lactalbumin. This proteid also gave no immediate precipitate 
when shaken with ether, whether acidified or not; on standing, the 


1 Journal of Path. and Bacteriol. v1. p. 358. 1900. 
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upper ethereal layers became an emulsion, and in the acidified solution 
there was a slight precipitate. | 

(4) Serum Pseudoglobulin. A clear sie solution shaken with 
ether became cloudy at once, but this cloud disappeared on the 
addition of a drop or two of dilute acid or alkali, though the fluid 
became cloudy again on standing. Similarly, if the solution were 
acidified before shaking with ether there was no immediate Goud, 
though one developed on standing. 

(5) Serum Euglobulin. A solution of this in 6 per cent. sodium | 
chloride was shaken with ether and was at once divided into two parts; 
to one part a little dilute sulphuric acid was added; this caused 
a heavy precipitate; while without acid there was at first merely 
an emulsion; however, even without acid some precipitate separated 
in a short time, but there was a marked difference between the two. 

It will be seen that the ether test may be used as a means of 
distinguishing serum pseudoglobulin from serum euglobulin, and from 
serum albumin. 

From these results it may be inferred that the immediate pre- — 
cipitation in acidified serum on adding ether is due to the euglobulin 
present; and the further thickening of the fluid on standing is 
due to the precipitation of the pseudoglobulin, which in the acidified 
solution does not come down at once; and that the albumin does not 
play any part in the process. 

(6) Egg Pseudoglobulin. A solution of this body gave a flocculent. 
precipitate within a few minutes after it had been shaken with ether, 
whether acid had been added or not. . 

Owing to the small quantity of euglobulin in egg-white and its 
slight solubility in a solution of sodium chloride after it has been 
precipitated by dialysis and washed with distilled water, I did not 
attempt an examination of its behaviour towards ether. 


Precipitation of certain by wire ond 
hydrochloric acids. 

The Syllabus of Burdon Sanderson, to which I have cade 
referred, gives certain other distinctions between egg albumin and 
serum albumin, viz. :— 

(1) That serum albumin is less readily precipitated by hydro- 
chloric acid than egg albumin, and that the precipitate is more readily 
soluble in excess. 
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(2) That the coagulum produced when egg albumin is boiled 
is soluble with difficulty in nitric acid, whereas that produced by 
boiling serum albumin is readily soluble in nitric acid. 

As these statements depend on experiments which were not 
performed with the purified proteids it appeared to be worth while 
to repeat them with solutions of the crystallized albumins. It will 
be seen that the results accord with the above statements. 

As I required solutions of the two albumins of approximately 
the same strength, I made a solution of crystalline egg albumin, 
determined the quantity of albumin present by Devoto’s method, and 
weighed out a quantity of dried crystalline serum-albumin so as to 
make up a solution of corresponding strength. This was not quite 
accurate, as the dried serum albumin was not completely soluble 
in water. | 

Hydrochloric Acid. One c.c. of a 2 per cent. solution of egg albumin 
gave a good precipitate with 1 c.c. of Brit. Phar. hydrochloric acid ; 
this precipitate was not readily soluble in excess. Even when allowed 
to stand all night with 8 c.c. of acid the precipitate was not completely 
dissolved. 

One cc. of serum albumin with 1 cc. of hydrochloric acid gave a 
precipitate, and this with 3 more c.c. of acid was completely dissolved in 
a few minutes, | 

I compared some of the same serum albumin solution with a very 
dilute solution of egg albumin. When 1 cc. of hydrochloric acid was 
added to both, there was a larger coagulum with the egg albumin than 
with the serum albumin; on adding to each 2 c.c. more hydrochloric 
acid, the latter had almost entirely redissolved while the former was 
still milky. 

Nitric Acid. I placed the heat coagulum from 1 c.c, egg albumin 
with 4 c.c. nitric acid (sp. gr. 1:42) and there was no apparent solution, 


but with 4 c.c. more nitric acid, it gradually dissolved; with 10 cc. the 
coagulum was nearly all dissolved in a quarter of an hour. 


The coagulum from 1 c.c. serum albumin with 2 cc. nitric acid 
underwent no apparent solution; with a third c.c. it began to dissolve, 


and with one more c.c, it was practically gone in two minutes; showing 


that the coagulum from serum albumin is more readily soluble in 


nitric acid than that from egg albumin. 
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GENERAL CONCLUSIONS. 


_ (1) It has been known for some time that serum globulin is 
composed of at least two proteids, one insoluble in water (euglobulin) 
and the other soluble in water “green ican: The same is true of 
egg globulin. 

(2) The true sia bits (euglobulin) of serum and of egg-white 
require considerably less alcohol to precipitate them than do the: — 
albumins. 

(3) Although the peoudogldbulins are more readily salted out from 
their solutions than are the albumins, and less readily than the euglobu- 
lins, the precipitability by alcohol does not run quite parallel ‘to this. 
On the whole the pseudoglobulins resemble the albumins in their 
precipitability by alcohol, but in one case, that of egg-white, the albumin 
is more readily precipitable by alcohol than is the pseudoglobulin. 

(4) The results obtained with the proteids of milk are a little - 
unexpected ; lactalbumin is precipitable by alcohol with difficulty, but 
caseinogen, which one would anticipate to fall into line with the true ~* 
globulins, requires also a considerable amount of alcohol to precipitate 
it all; most, however, is thrown out of solution by a comparatively small 
amount of alcohol. 

(5) The two principal proteids of muscle are paramyosinogen and 
myosinogen. Both (and especially the first named) are readily salted 
out from their solutions, but v. Fiirth pointed out that myosinogen is 
soluble in water and therefore not a hypical globulin. Paramyosinogen 
appears to be the euglobulin of muscle, it is readily precipitable by 
alcohol ; myosinogen, the pseudoglobulin, requires much more alcohol to 
precipitate it entirely. 

(6) -The table on p. 32 gives the numbers which bear out the 
foregoing statements. Remembering the difference in salt precipitation 
and alcohol precipitation which obtain between the colloid carbohydrates, 
dextrins and crystalline carbohydrates, the view is supported that the 
true globulins have “—— molecules than the pseudoglobulins and 
albumins. 

(7) The prolonged action of alcohol renders proteids insoluble. 
The euglobulins are most readily rendered insoluble, the pseudoglobulins 
and caseinogen come next, while of the proteids investigated, albumins 
are the most difficult to convert into insoluble modifications by alcohol. 
It was previously well known that proteids of still smaller molecular 
size (proteoses and peptones) not only require a large amount of alcohol — 
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to precipitate them entirely, but also are not rendered insoluble by 


prolonged contact with that reagent. | 
(8) The statement has for long been current that egg albumin is 
and serum albumin is not precipitable by ether. In experiments 
carried out with the purified albumins I find that this is correct. 
Lactalbumin resembles serum albumin in this particular. Egg pseudo- 
globulin is precipitable by ether, so also are both the globulins of serum, 


_ but there are differences of detail; serum pseudoglobulin is most readily 


precipitable by ether when in a neukehl solution, and serum euglobulin 
when the solution is rendered acid. The precipitation, often in a jelly- 
like form, which occurs on the addition of ether to acidified serum is 
due to the action of that reagent on the globulins. 

(9) The statements (i) that serum albumin is less readily 
precipitable by hydrochloric acid than egg albumin, (ii) that -the 
precipitate is more readily soluble in excess of that acid; and (iii) that 
the coagulum produced by boiling egg albumin is soluble with difficulty 
in nitric acid, whereas the coagulum produced by boiling serum albumin 
is readily soluble in nitric acid, all depend on experiments which were 
not performed with the purified proteids. On repeating them with 
solutions of the crystallized albumins [ found them to be correct. 
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QUALITATIVE DIFFERENCE OF SPINAL REFLEX 
CORRESPONDING WITH QUALITATIVE DIF- 
FERENCE OF ‘CUTANEOUS STIMULUS. By 
C. 8. SHERRINGTON, MA. E.RS. 


(From the Physiological Laboratory, University of Liverpool.) 


QUALITATIVE differences between spinal reflexes provoked from the skin 
are usually distinguished only in so far as dependent on differences in 
the regional locus of their initiation. The experimentalist has in 
general to be content to tacitly treat.these skin reflexes as of a single 
kind. But the variety of species of sensation elicitable from the skin 
suggests that possibly different reflex motor reactions attach to the 
different species of end-organs undoubtedly coexisting in one and the 
same skin field. The different kinds of end-organ belonging to one 
and the same cutaneous region may possess reflex spinal connections 
differing inter se. That this is really the case is indicated by the 
following observations undertaken in examination of the question. 

I. In the “spinal” dog (eg. after exsection of a short piece, a 
segment, from the posterior cervical region of the cord) if the skin 
underneath and between the toe-pads and cushion of the hind-foot be 
pressed or stretched, a sudden forcible extension of the limb is evoked. — 
This is especially the case if at the time of stimulation the limb be 
resting flexed at bip and knee. I have called this reflex the “direct 
extension reflex'.” The extensor movement is brief and ample, and 
resembles the sharp extension of the spinal frog’s leg, of which Srecings 
were furnished in a previous paper’. 

It is obvious that such a movement, helpful as contributory to 
progression, would on the contrary be harmful in response to certain 
other possible stimuli to the foot. Suppose a thorn lying below the . 
foot and applied so as to prick it underneath. If there then ensued the 


extensor movement that as above described ensues when broad pressure ~ 


1 Proc. Roy. Soc. uxvt. p. 66, 1899; and this Journal, xxrx. p. 67. 
* This Journal, xu. Pl. xxut. Figs. 4 and 5, 1892. 


7 
3 
& 
Ve 
° 
> 
ay 
3 
| 
q 
\ 
& 
«he 
— 
ay 
54 
+ 
i 


40 CO. 8S. SHERRINGTON. 


is applied, the consequence would be a further wounding of the foot 
by the reflex movement of the leg itself. The foot would be driven 
forcibly upon the offending point. Observation shows that in fact a 
prick of the pad-region evokes nut extension but flexion of the limb. 
And the reflex effect of the prick is typical of the reflex effect 
produced by application to the planta of harmful stimuli in general. 
In result the foot is withdrawn from the offending stimulus. Instead 
of wounding itself further it escapes from the threatened wounding. 
| Thus in the case of the under-surface of the hind-foot two stimuli 
of different quality evoke respectively two movements of exactly 
opposite sense. Two different sets of afferent nerves belonging to 
this part must therefore be directly connected with respectively two 
opposed elements of the muscular organisation of the part. Or probably 
it would be a truer expression of the relation to say that each of the two 
sets of afferents is connected with both flexor and extensor musculature, 
but that the one set primarily acts in a pressor manner upon extensor 
neurones, and in an inhibitory manner on flexor neurones, while the 
other set acts conversely in a pressor manner upon flexor neurones, and 
in an inhibitory on extensor neurones. 
As to the quality of the nerve-endings involved in each case, the - 
nerve-endings stimulated by the prick lie undoubtedly superficially, for a 
light prick suffices. Neither mere touch nor cold nor warmth (unless 
amounting to injurious heat) evokes the reaction. Heat sufficient to 
- threaten injury to the skin does however quickly and regularly, like the © 
prick, evoke the flexor movement. It is fair to infer that the species of 
nerve-ending excited is that which may be termed the nocicipient, and 
certainly that division of it which lies in the more superficial layers of 
the skin. 


I have elsewhere put forward a view that there has been evolved in the 
skin ‘‘a special sense of its own injuries’.” There is considerable evidence 
that the skin is provided with-a set of nerve-endings whose specific office it is 
to be amenable to stimuli that do the skin injury, stimuli that in continuing 
to act would injure it still further. These nerve-endings when still connected 
with the sensorium (using that term simply to mean the neural machinery to 
which consciousness is adjunct) on excitation evoke skin pain. They are in 
that respect algesic. After their disconnection from the sensorium by spinal 
transection they still possess spinal connection with large fields of musculature. 
The reactions they then evoke being devoid of psychical feature the term 


1 Text-book of Physiology, edit. by Schafer, Art. ‘Skin and Common Sensation,” 
1900. 
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SPINAL REFLEXES. 


algesic becomes inappropriate for them. But harmfulness still remains the 
characteristic of the stimuli by which they are provocable. For physiological 
reference therefore they are it seems to me both on this ground and on others 
which need not be entered upon here, preferably termed nocicipient, a name 
which has the advantage of greater objectivity. 

The other species of nerve-ending, namely that excited by the broad 
pressure about the pads and cushion and eliciting the “direct extension 
reflex,” is more difficult to identify. Separation of the toe-pads one 
from another or from the plantar cushion so as to stretch or squeeze 
one or the other is often a very effective mode of stimulation. The 
reflex very often ensues on removal of such pressure or tension. Although 
sometimes the pressure or tension applied must.affect the small tendons, 
ligaments, or joints of the foot I feel satisfied that the reflex often ensues 
when the application of the stimulus is really confined to the: skin, 
including however the deepest layers of that organ. The pressure and 
tension requisite in this stimulus seem to resemble what must occur 
when the limb supports the weight of the animal as it steps. The 
relief of this pressure and tension, often even more than the application 
of it, appears to excite the reflex. This suggests that the reflex normally 
ensues on some change of pressure and tension in the planta occurring 
towards the latter part of the performance of a step in locomotion. 

Applications of either cold, warmth, heat, or of chemical reagents are 
ineffectual per se to evoke the reflex: nocuous mechanical stimuli are 
also inefficient. But the form of stimulus adequate is nevertheless of 

mechanical quality, of a kind that may fairly be described as pressure 
and tension rather deeply applied. Of terms in ordinary use “deep 
touch” might be the least inappropriate. 

Applied therefore to the dog’s planta broad harmless pressure on the 
one hand and surface damage on the other both readily evoke reflex 
movements of the whole limb, and the movement evoked in the one 
case is totally different from the movement evoked in the other. 

II. One of the most striking reflexes in the “spinal” dog is the 
“scratch” reflex. This is a “skin reflex,” 2.¢. it is excited by stimulation 
of the skin. It is however not every stimulus to the skin that can 
provoke it. In the large reflexigenous field of skin whence it can be 
evoked’ various kinds of stimuli can be applied without eliciting any 
trace of the reflex. 


To examine evidence to this effect it is best to work with the skin carefully 
and cleanly shaved. It is on the shaved skin only that some of the following 


1 Sherrington and Laslett. This Journal, xxrx. p. 64. 
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42 C. 8S. SHERRINGTON. 
points can be demonstrated. The application of certain forms of stimuli 
experimentally through the hairy coat is unsatisfactory. But the existence 
of a hairy coat in no way essentially alters the problem or the argument. 
The finger-tips or the whole hand can be applied to the skin, pitting 
it, exerting strong pressure upon it and doubtless applying mechanical 
stimulation to the nerve-endings in it throughout its depth, and yet no 
scratch-reflex is produced. The skin thus firmly pressed upon can be 
moved to and fro over the subcutaneous tissue and its deep surface thus 
rubbed over and against underlying structures soft or hard, and yet this 
fails to evoke the reflex. If a fold of skin either thin or thick be 
gathered up between thumb and fingers and then the two layers 
composing the fold be compressed and, further still, be rubbed freely 
against one another by their deep apposed surfaces, the scratch-reflex is 
nevertheless not evoked. Not only is mechanical stimulation in these 
conditions applied to the deep layer of the skin but the stimulation is 
applied successively to adjacent fresh areas of the deep layers, and, as 
can be shown otherwise, successive spatial summation is an adju- 
vant of great potency in regard to stimuli exciting the “scratch” reflex. 
But the reflex is obtained at once if a finger-tip be lightly moved 
along the skin surface. To draw a pencil point along the surface is even 
more effective. These stimuli that effectively evoke the reflex press so 
lightly as to cause very little deformation at all of the skin surface. 
The difference between the character and efficacy of these stimuli and 
those mentioned in the previous paragraph is demonstrable in various 
striking ways. Two may be sufficient to cite here. A rigid ring, such 
as a bracelet or a large curtain-pole-ring, is applied to the skin, pressed 
on it, and while pressed upon it moved freely, carrying with it the skin 
over the subcutaneous tissue; no trace of the scratch-reflex is evoked. 
But let pencil point or finger-tip be moved over the surface of the skin 
surrounded by the ring the scratch-reflex is then provoked forthwith. 
Again, while the fingers by rubbing over the surface of the skin are 
exciting a vigorous scratch-reflex let them be pressed more against its 
surface ; they then cease to move over its surface, but instead press into 
it, squeeze all its layers and carry the area to which they are im- 
mediately applied with them, rubbing its deep surface over underlying 
tissue, stretching the skin immediately behind and wrinkling that 
immediately in front. On this change from superficial to deep stimula- 
tion the scratch-reflex at once ceases. 
_ That. the nerve-endings which evoke this reflex lie therefore ex- 
clusively quite close to the skin surface seems clear. I find further 
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that ablation of the surface of the skin to a depth of 6 mm. abolishes 
the reflex from the area so treated. The ablated sheet of skin need 
not include the deepest ends of the hair follicles in order to secure 
this abolition of the reflex. 

When such a surface is made it is obvious that the nerve-fibres 
belonging to the removed nerve-endings must remain, and must, when 
the surface is fresh, lie exposed. It is noteworthy that of all the 
stimuli applied none is able to excite the reflex through these. The 
same phenomenon is met in the case of the deep moving pressures on 
the skin which, as mentioned above, fail to excite the reflex. In such 
cases, as explained above, the surface stimulation is not a moving one, 
but the deep stimulation is, and must, one would think, affect the nerve- 
- fibres passing downward from the overlying surface end-organs that 
under moving “touches” excite the reflex. Yet no reflex is evoked. 
Both phenomena, though paradoxical in appearance, remarkably confirm 
the rule insisted on by Marshall! Hall, that spinal reflexes are far more 
easily excited by stimulation of end-organs than by a of 
the nerve-fibres conducting from the end-organs. 

As to the form of stimulation adequate for these end-organs exciting 
the scratch-reflex the observations just mentioned show that mechanical 
stimuli are competent. Such mechanical stimuli as these would, we can 
hardly doubt, did the condition of the animal allow—that is, were 
consciousness still adjunct to this region of its skin—provoke psychical 
“touches.” I feel similar stimuli applied to my own skin as “ moving 
touches.” Hence it seems fair to conclude that among the species of 
cutaneous end-organs competent to evoke this reflex in the dog are those 
of “surface touch,” the analogue of those that peychologically examined 
in man yield evidence of “ stereognostic touch.” 

- This set of end-organs, provoking the scratch-reflex in response to 
purely tactual stimuli, is distributed in close relation to hairs. Evidence 
of this is as follows. (1) Punctiform stimuli on the shaven skin applied 
at a hair or hair group—the hairs frequently lie in triads—or just 
“windward ” of a hair, excite the reflex, while elsewhere they fail or are 
less effective. (2) The threshold value of the stimulus in a given skin 
area rises after shaving it. This rise is of two-fold character, (a) im- 
mediate, (8) late. The threshold value for a stigmatic touch exciting 
the reflex by a v. Frey bristle being e.g. 60 mgrm. prior to cutting the 
hairs rises to eg. 520 mgrm. directly after the shaving, although the 
mechanical stimulation of the shaving itself favours and facilitates 
_ (bahnwng) the reflex. This is the “immediate” blunting. If the skin 
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area be kept shaven, gradually in the course of a few weeks ensues a 
further rise of the threshold values. The difference of facility of the 
reflex from a shoulder shaved for the first time and that kept shaven 
for 3 weeks is marked: the reflex is much less easy to obtain in the 
latter. The presence of these tactual levers, harbouring no doubt some 
parasitic life, and constantly subjecting their particular nerve-endings 
to some stimulation or another, seems necessary for the maintenance 
of the full biotonus—to use Verworn’s expressive term—of the reflex 
arcs which execute the scratch-reflex. (3) The peculiar efficacy of the 
moving touch as compared with the stationary touch in the provocation 
of the reflex applies both to the shaven and to the unshaven skin. 
The finger-tip simply pressed on the skin hardly evokes the reflex, but 
does so directly it moves along the skin. The moving touch acts more 
effectively on the hairs and hair stumps; and movement against the 
hairs is somewhat more effective than movement with the hairs. 
(4) Depilation of a skin area practically abolishes the capacity of the 
area to initiate the scratch-reflex. In the process of depilation the 
plucking out of a hair not unfrequently itself excites the reflex. 

- It is noteworthy however that to pull on a hair, or even on a little 
group of hairs, usually fails to excite the scratch-reflex. That mode of 
stimulation of the hair-nerves is of course not “normal.” It is not 
improbable that the tactual apparatus of the hair follicle is not excitable 
by that kind of application of stimulus, Also it must be remembered 
that the nerve-endings associated with the hair follicles are considered 
by some observers to yield sensations sui generis, and distinct from 
tactual proper. The peculiar tickling sensations evoked by light 
stimulation of the hairlets of the human skin were by Noischewski 
and Ossipow', working in Bechterew’s clinique, found to be well 
developed in various skin areas where “touch” was not especially fine. 
The neck, shoulder, back and sides of the trunk, namely a region 
corresponding with that which is reflexigenous for the dog’s “scratch- 
reflex,” are specially mentioned by these observers as yielding strong 
tickling sensations sui generis under light mechanical stimuli applied 


to the hairlets. V. Frey” has, as is well known, demonstrated the great 


1 Noischewski, Gesellschaft der Aerzte, Diinaburg (Dwinsk) April 2, and November 23, 
1896; Ossipow and Noischewski, Gesellschaft der Aerzte, Petersburg, March, 1898; 
Neurolog, Centralblatt p. 1032. November, 1898, 

4 “ Beitr. z. Sinnesphysiol. d. Haut,” Ber. d. k. Sachs. Geselis. d. Wissensch. z. oneee 
pes -phys. Classe. 1894, 1895. 
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lowering of threshold for mechanical stimuli to the skin which the 
hairlets effect. 

On the other hand, the foregoing shows that the deep skin nerve- 
endings are incompetent to evoke the scratch-reflex. Next arises 
the question, “among the superficial cutaneous nerve-endings are those 
peculiar to the hairs the only species efficient?” I have tried 
various “warm” and “cold” stimuli and find them ineffective for 
the purpose. I conclude that neither warmth nor cold are per se 
adequate. But early in the investigation I was struck by the efficacy 


of dragging along the surface a scratching point. This stimulus seems 


often more effective than the areally far larger stimulus of a moving 
finger-tip; it is obvious that the former's efficacy may be due to its 


’ having not only tangible but noxious quality. It may stimulate noci- 


cyment endings as well as purely tangocipient. Repeated light pricks 
seem ‘similarly more effective than repeated simple stigmatic touches. 

To test this possibility I have had recourse to combination of 
noxious stimulation with stimulation otherwise per se insufficient. Thus, 
as has been shown above, a steady pressure applied on une skin area, even 
large, does not evoke the reflex, even though it be severe, But if a 
small fold of skin be severely compressed, a short outburst of the reflex 
may be evoked. The mechanical stimulus’is then of obviously noxious 
kind, and that the reflex is excited through nocicipient end-organs is 


indicated by its non-appearance when the same mechanical stimulus 


is applied with intensity insufficient to make it acutely harmful. Again, 
a warm metal plate one centimeter square and one millimeter thick 


applied to the skin evokes no trace of the scratch-reflex if applied with a 


temperature of 65° or less. But let it have when applied a temperature 
of 85° or more and the reflex is at once vigorously evoked. In order to 
altogether eradicate tangible quality from the stimulus I have also 
employed the heat beam as in previous observations’. The radiation 
from a good source appropriately collected and applied focally to the 
skin of the reflexigenous area suffices, if not merely “warm” but “hot” 
(to the hand), to at once provoke the “scratch”-reflex. I conclude 
therefore that among the superficial nerve-endings in the skin the 
nocicipient as well as those merely of the hairs are competent to 
elicit the reflex, but that the “cold” and “ warmth” end-organs are not 
competent. | 
- Over a large area therefore hair nerve-endings and nocicipient 


1 This Journal, xxvu. p. 360. 1902. 
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C. SHERRINGTON. 
nerve-endings of the skin-surface are physiologically distinguished from 


the pure “cold” and “ warmth” endings and from all the deep cutaneous 
end-organs by the fact that the two former sets, in contradistinction 
to all the latter, are spinally so connected with the musculature as to 
induce under irritation (simulating that caused by parasites) a movement 
of grooming of the skin itself and of its hairy coat. : 


Conclusion. 


The foregoing observations demonstrate that in the dog different 
kinds of nerve-endings situate in one and the same cutaneous 
field possess reflex spinal connections differing wholly inter 
se. For discrimination between certain sets of end-organs in the skin 
there are in fact available not only psychological criteria involving 
processes of sense, but data purely physiological with characteristics 
given in tensions of the musculature. 
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THE FORMATION OF URIC ACID IN BIRDS. By T. H. 
MILROY, M.D. 


(From the Physiological Departments, Edinburgh University 
and Queen’s College, Belfast.) | 


MucH controversy has arisen within recent years as to the nature 
of the forerunners of urea in mammals, and uric acid in birds. The 
work of the St Petersburg school on the urea production in mammals 
based especially upon the effects produced by the von Eck fistula 
in dogs has met with trenchant criticism by numerous workers, especially 
Miinzer and Winterberg”, Biedl and Winterberg”, v. Karltreu®, | 
Filippi and others. Although there is this diversity of opinion with 
regard to the synthetic mode of origin of urea from ammonium salts 
in mammals, the work of Minkowski® on the allied subject, the 
synthetic origin of uric acid from ammonium salts in birds, has in 
the main withstood criticism. Minkowski’s work was so thorough 
that it might seem unnecessary to take up the subject again, however 
for many reasons it was deemed advisable to try if possible to furnish 
more evidence either for or against the synthetic mode of origin of uric 


acid in the bird’s liver, and also to discover whether the purin source 


was of any importance in the bird’s economy. One reason for re-opening 
the subject was that the operation employed by Minkowski of 
complete removal of the liver was of such a severe character and the 
birds lived for so short a time after the operation that it was difficult 
to draw conclusions as to the specific function of the liver from them. 
Then again in order to collect the urine free from faces, the rectum was 
tied above the cloaca and this militated against the accuracy of the 
observations. Also the analytical methods employed were, although 
regarded as the most accurate at the time, in some cases fallacious. 

In order to remove some of. these objections, attempts were made 
to affect the formation of uric acid in birds by less severe methods than 
the removal of the liver in its entirety. Thus in the first place 
experiments were performed on ducks and geese with the view of 
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affecting the synthesis in the liver by giving mineral acids. It is, 
of course, well known (vide Walter) that in herbivora these acids 
act as poisons by, it is supposed, entering into combination with the 
alkaline salts of the blood, while in carnivora and omnivora, ammonia ~ 
is provided, which spares the blood salts, with the result that there 
is an increase in the amount of ammonium salts excreted, and a 
diminution in the amount of urea, Recent work of Liwy and 
Miinzer” shows that the condition of acid poisoning is not so easy 
of explanation as Walter imagined. Whatever the nature of the 
blood changes may be, it is certain, however, that in carnivora and 
omnivora the urea excretion is diminished and the ammonia increased 
by giving mineral acids, and it was deemed advisable to find out 
whether the uric acid excretion in birds was affected in the same way. 
In order to obtain urine free from feces, two methods were tried. 


_ At first a tubular arrangement with a collar on the upper end of | 


sufficient calibre to block up the rectum above the cloaca was employed, 
feeces passing by the inner tube, the ‘urine being led off through an 
outer tube and collected in an attached rubber bag. Different modifi- 
cations of this were employed, but all were found more or less unsatis- 
factory, as either the feces gradually forced their way by the side of the 
collar, or the tube could not be kept in position. 

* The second method, which was afterwards adopted as the routine 
one, consisted in the formation of an artificial anus in the anterior 
abdominal wall, the urine being collected in a suitable bag which was 
fixed below the anal orifice. Reference to this method is given in 


preliminary paper®. 


It was found to be entirely satisfactory if care were tuken at the: 
outset to prevent constriction of the orifice and also if the bowel were 
washed out daily. It is true that under these circumstances, the birds 
drink more water, and hence pass a more watery urine than when 
Minkowski’s plan is adopted, but this was not found to affect the 
birds deleteriously, the weight being well maintained for periods 
of more than eight months. The urine so collected contained a thick 
white deposit consisting of flocculent granules held together by a 
mucilaginous material, the supernatant fluid being also viscid and 
giving a slight acid reaction as a rule. The quantity passed in 24 hours 
varied from about 500—1500 c.c, 

The methods which. were employed for the collection and analysis 
of the urine were the following: 

It was collected for periods of 24 hours, toluol tales added to 
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prevent decomposition. After collection, sufficient warm 2°/, K,CO, | 


was added to dissolve the excess of urates, and the volume. was then 
made up to 1000 c.c. or 2000¢.c. The mixture was kept in a stoppered 
graduated glass flask to prevent loss of ammonia. Portions were im- 
mediately taken for analysis, the one for estimation of ammonia being 
made slightly acid to prevent loss of the gas. The ammonia was then 
driven off by magnesia, and distilled off in vacuo (Nencki and Zaleski’s 
method). The total nitrogen was estimated by Kjeldahl, the uric 
acid by Hopkins’ method. The mono-amido nitrogen was estimated 
by precipitating with phospho-tungstic acid the urine from which the 
ammonia had been previously driven off, filtering and estimating the 
nitrogen in the filtrate. The difference between the sum of the nitrogen 
of ammonia, of uric acid and of mono-amido acids subtracted from the 
total nitrogen gave what may be termed the nitrogen of the purin 
bases and diamido acids. In all the earlier experiments control analyses 
were also made with dried urine, portions being weighed out for 
estimation of the different bodies, but this method was found to be very 
unsatisfactory, and so was not employed in the later investigations. 


INFLUENCE OF ACIDS ON URIC ACID EXCRETION IN BIRDS. 


The first and only reference to the action of acids on birds at the 
date when my preliminary communication appeared, was one by Poh! 
and Miinzer® comparing the action of free HCl to ammonium chloride 
in hens, and in this paper stress was mainly laid upon the mode of action 
of ammonium salts and practically no mention was made of the effect 
upon the distribution of the nitrogen excreted. Since the appearance 
of my preliminary paper, Kowalewsky and Salaskin™ have investi- 
gated the action of HCl on the bird’s nitrogenous metabolism, and have 
corroborated my results, I shall now give examples of the effects 
produced by mineral acids on uric acid formation. 

Goose (weight 5370 grms.) had an artificial anus formed on July 8th, 
1901. It was kept during the experiment on a fixed daily diet of 
500 ce. milk which were given in portions of 100c.c. by stomach tube. 
Two days after the operation the urine was collected and analysed, this 
being done on two successive days. On each of the two following 
ones 4 grms. HCl in 2°/, solution were given by stomach tube, then 
a day elapsed when urine was not collected, analyses being made 
on the succeeding day. Results are to be seen in Table I. On days 
when acid was given, the urine altered in its general characters, thus 

PH, XXX. 4 
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instead of showing the usual thick deposit, it was almost free from 
sediment. That this was not simply due to a more watery urine being 
passed was shown by the fact that the volume of urine passed was only 
slightly increased, and the total nitrogen remained at about the same 
level. The acid in this case affected the uric acid excretion in much 
the same way that it affects the urea in carnivora and omnivora, that 
is to say, the decrease in the uric acid is accompanied by a correspond- 
ing increase in the ammonia. _ 


Taste I. Goose (weight 5370 grms.). 


Total of of N: of Ni ot 
Date NH; H,U ‘HU . NH, HU 

(1) July 10 ‘150. 468:1 51:1 82:1 
°484 4°63 :1 154:1 *B3:1 
(3) ,, 12 "707 105 «67:1 6°73 :1 4°26 :1 
(4) ,, 18 ‘613 255:1 02:1 1°97 :1 
(5):,, 16 ‘146 "262 $31:1 184:1 55:1 
(1) & (2) Fixed diet. (3) & (4) 4 grms. HCl in 2°), sol. (5) Fixed diet. 


On July 18th, 1901, a similar series of analyses was made with 
a goose in which an artificial anus was made on the 15th. The urine 
was analysed three days after the operation (v. Table II). In this case 
the effect of lactic acid was also investigated and also that of 


ammonium lactate. Lactic acid acts in the same way as the mineral 


acid, but after neutralization with ammonia the salt no longer affects 
the metabolism as the free acid. does, After ammonium lactate both 
the ammonia and the uric acid excretion rise above the normal, 
although the former shows this most distinctly (cp. v. Knierim™ and 


Taste II. Goose (weight 3750 grms,). 


Date N NH; HU “NHg HU 

(1) July 18 & 19 (average) 690 899:1- 166:1 “41:1 
AB) 4, 22 ‘689 148 +446 481:1. -4°54:1 
(4) ,, 28 168 468 164:1 412:1 51:1 
(5) ,, 24 8388. 2240 71:1 46: 
(6) ,, 27 1646 «616 866 267:1 1-90: 1 71:1 
(7) 1064 850 624 804:1 1°70:1 ‘56:1 


(1) Average daily over two days. Fixed diet. (2) 4 gras. HC! in 2°, sal. 
(3) No acid. (4) & (5) 32 grms. Lactic acid in 1, sol. 
(6) & (7) 5-grms. Lactic acid neutralised with ammonia. 
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v. Schroeder"), Owing to this accompanying rise in ammonia the 
proportion of uric acid to total nitrogen is not quite so high as in the 
Tt is difficult to decide how the acids act in this way, whether 
by indirectly fixing the ammonia in the form of a salt which is 
incapable of being synthetised in the liver to uric acid, or from an 
action upon the liver inhibiting its synthetising power. - 

According to Pohl and Miinzer the bird has probably the power 
to break up ammonium chloride allowing the acid radicle to act in the 
same way as in herbivora, but in that case the ammonia so set free 
ought to be capable of transformation into uric acid and yet 
v. Schroeder™ showed that fixed ammonium salts such as ammonium 
chloride could not be transformed into uric acid in the bird. 

In order to investigate the réle of the liver in this uric acid 
synthesis, the method of transfusion through the liver has been 
recently employed by Kowalewskiand Salaskin™. They transfused 
defibrinated blood through the liver of geese for some time, then added 
ammonium lactate in one series and arginin in another and found that 
in both cases, but especially in the latter, there was a rise in uric acid. 
The quantities of urie acid so obtained were however so small and the 
conditions of transfusion so different from those in life that the method, 
although valuable, has certain disadvantages. In a number of cases 
I transfused defibrinated blood through the liver of geese, then added 
ammonium lactate, transfused again and estimated the uric acid at the 
close of each procedure, but I found this method very unsatisfactory 
because in certain cases when transfusion of defibrinated blood alone 
was kept up for as longa period as when the salts were used, the rise in 
uric acid was sometimes higher than in the latter. The results obtained 
were so contradictory that I gave up the method. Having found this 
method unsatisfactory, it was thought that some information on the 
subject might be obtained from galvanic, faradic, or mechanical stimu- 
lation of the organ. 

The method which has in most cases been. adopted is the following. 
After thé bird, in which an-artificial anus had been made, had arrived 
at a condition of nitrogenous equilibrium, the liver was exposed 
and two plate-like platinum electrodes were introduced, one into the 
right and the other into the left lobe, the wires being led out 
through the abdominal wall which was then closed. The silk-covered 
wires attached to these electrodes were plunged into hot paraffin before 
the operation. The current from six Daniell cells in series was 
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then passed, the direction being reversed every two minutes. This 
was continued for half-an-hour, and repeated again two or three hours 
later. The first experiment was performed upon a duck and the 
results obtained are to be seen in Table III. Even to the naked 
eye the urine was different from the normal, in so far that the deposit 
which settled was greater in amount for the quantity of urine passed. 
The most noticeable effect is upon the total nitrogen which is markedly 
increased, and this rise specially affects the uric acid as is shown by its 
ratio to the total nitrogen. The bird did not lose in weight until 

July 20th, when it was killed. The liver substance around the electrodes 
had become sclerosed and there was no sign of putrefaction. Pieces 
of the liver were taken for histological examination from the neighhour- 
hood of the electrodes, and also from more distant parts. The 
appearances were much the same in both cases, the liver cells being 
extremely granular and in many cases shrivelled. These granules gave 
an intense iron reaction and were found to be present outside as well as 
within the cell bodies. 


IIL. Duck (weight 1890 


N N Mono- Di- N 
(1) July 14 & 16 
(average 1018 40464 0-148 =O144 2°18:1 

24 hours) 
(2) July 17 2016 0°636 1134 0200 0046 #%816:1 #$#:1:77:1 
(8) 18 0-548 1084 0826 0280 411:1 2°06:1. 
 @ 1338 0336 0614 0266 =2398:1 £=217:1 


(1) Normal. (2) & () Galvanic stimulation. 
(4) No galvanic stimulation. 


On July 6th, 1902, a duck (weight 2190 grms.) was operated upon, an 
artificial anus being made, and at the same time electrodes were 

placed in the right and left lobes. Before passing the current, the 
_ urine was collected for the first twelve hours and then analysed 
in order to see whether the presence of the electrodes alone affected 
the nitrogenous excretion (v. Table IV). On the first day when 
no current was passed, but the electrodes were in the liver, there 
was a distinct rise in the ammonia excretion relative to the uric acid. 
On the following day when the current was passed once (in the latter 
part of that day), the ammonia excretion diminished relative to the © 
uric acid, while on the next two days when the liver was stimulated 
twice on each day there was, in addition to the marked rise in the 


4 
j 
3 
j 
| 
a 
4 
i 
4 
| a 
4 
> 
q 4 
awe 


URIC ACID IN BIRDS. 53 


total nitrogen excreted, a fall in ammonia and rise in uric acid. No 
current was passed on the succeeding days, and the total nitrogen began 
to fall, the ammonia to rise slightly, while the uric acid rs at — 
same level. 
‘Tasue IV. Duck (weight 2190 


: N N Mono- Di- N N N N 
Total of of amido amido N: of N: of of : of 
N NH; H,U N N NH; HU NH, 


6 0511 0-277 0082 0079 00738 1:84:1 

7 0768 0-180 0352 0185 0:096 4:23:1 

8 2254 0548 1368 0224 oO114 411:1 : 

(4) 9 2028 0608 41110 0236 0°069 832:1 1:82:1 0-54:1 
0 1617 065385 O782 %O110 0190 #3°02:1 

1 1344 0466 0740 0086 0052 288:1 

(1) Electrodes in liver but no current passed. 

(2) Current passed once during day. | 

(3) & (4) Current passed twice during day. 

(5) & (6) No current passed but electrodes still in liver. 


On July 7th, 1902, another duck was operated upon, artificial anus 
being made and electrodes introduced into right and left lobes. In 


this case analyses were made on five consecutive days with the 
electrodes in the liver but no current passed. Then on the next 


two days the liver was stimulated in the usual way. In this case there - 


can be no doubt that with the electrodes in the liver but without the 
current being passed, the synthesis of uric acid from ammonium salts 
suffers, with the result that there is a distinct rise in ammonia and fall 
in uric acid, while on the days when the liver was stimulated by 
the galvanic current the synthesis again took place in the normal 
way with the result that the uric acid excretion rose at the expense 
of the ammonia (Table V). On histological examination the liver 
showed the same alterations as in the previous case although the 
granules did not give such a distinct iron reaction. 


‘Taste V. Duck (weight 1590 grms.). 


N N Mono- Di- N N N N 

Total of of amido amido N: of N: of of : of 

Date N NH; H,U N N NHy H,U NH, H,U 

(1) July “444 °257 "100 0-020 1:72:1 : 257:1 


7 4°44:1 
(2),, 8 -744 ‘201 062 0-189 1:54:1 6570:1 870:1 
(3) ,, 9 0808 884 208 248 0018 242:1 388:1 

(4) 10 -412 -808 -129 208:1 278:1 183:1 


(6) ,, 12 2268 416 1-489 -280 159:1 0-27:1 


(7) ,, 18 2009 ‘876 1992 227 0-014 1-44:1 0-27:1 
(1) to (5) inclusive. No current passed but electrodes in liver. | 
(6) & (7) Current passed twice on each day. 
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ACTION’ OF GALVANIC CURRENT AND ACIDS 
 YPON THE SYNTHESIS. 


As it is possible that the acids affect the nitrogenous ‘aatideitniis by 
influencing the synthetising power of the liver, it was deemed advisable 
to investigate the effect of the galvanic current upon birds under the 
influence of acid. . 


TasLe VI. Goose 5150 


N NH, HU N HU 
(t) ‘July 15 802 004154 
‘968 886 ‘312 -160 010 224:1 278:1 1°23:1 
both days) 
,, 22 116 «850 608 ‘156 818:1 2:19:71 068:1 
(7). »-23 1188 843 ‘611 098 186 8°31:1 2°22:1 0-67:1 


2°02:1 3°83: 


(1) & (2) Electrodes in liver, but no current passed. 
(3) Current passed twice during day. 
(4) & (5) Nocurrent passed, but 4 grms, HCl in 2°/, sol. 
' (6) & (7) Current passed and 4 grms. HCl in 2°), sol. given. 

' (8) No current passed, but 4 grms. HCl in 2°), sol. given. 


A goose (weight 5150 gms.) was operated upon in the al way, 
electrodes being placed in the liver on July 14th, 1902 (v. Table VI). 
This Table shows that on the first two days when the electrodes 
were in the liver but no current was being passed, that the same 
inhibiting influence on the uric acid synthesis was in force as in 
the previous cases, the ammonia rising and the uric acid correspondingly 
falling. Then on the third day when the current was passed, the 
total nitrogen excretion rose, this rise being mainly due to an increase 
of uric acid, the ammonia falling in amount. On the next day 
acid was given and no current passed and here, as one would expect, 
the. ammonia rose very markedly and the uric acid fell. On the 
two’ following days when the current was passed while acid was being 
given, the influence of the former predominated over that of the latter, 
the. synthesis of the ammonia salts taking place to a much greater 
extent than when the acid was given with no current passing, but not 


quite to the same extent as when no acid was given and the liver 
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stimulated. On the following day acid was given without stimulation 
of the liver and again the influence of the acid upon the synthesis was 
apparent. 

After obtaining these results from’ galvanic stimulation of the liver, 
the literature on the subject was examined. It was found that 
Stolnikow™ and Sigrist™ had used galvanic and faradic stimulation, 
the former in dog and man, the latter in man alone. Very few details 
are given in their papers, but Stolnikow found an increase in the urea 
which did not occur on stimulation of the skin, muscles and other 
organs. The electrodes were placed on the abdominal wall over the 
liver in the experiments on man but Stolnikow also investigated the 
influence of the current on minced liver substance kept in defibrinated 
blood at body temperature, but it is difficult to draw definite conclusions 
as to the part played by the current in these experiments. 

- The results obtained from stimulation of the liver in the way 
described might be due to nuclear disintegration, although it is difficult 
to understand how the influence of the electrodes alone should decrease 
the uric acid and increase the ammonia excretion while the passage 
of the current increased the former at the expense of the latter. The 
close relationship between the ammonia and the uric acid excretion, 
so distinctly shown by Minkowski’s removal experiments and also 
by the effects of acid just described, is also strikingly apparent from the 


results of the stimulation experiments. 


Also against the view that the rise is due to nuclear disintegration 
is the fact that galvanic stimulation of the pancreas does not produce 
the same effect although a rise in purin excretion might be expected in 


this case if it occurred in the case of the liver. The results of nucleic 


acid, hypoxanthin, ete., feeding, which immediately follow, serve to show 
how minor a part probably the purin source of uric acid plays in the 
bird. Thus all the experiments described serve to support the view 
held by Minkowski as to the liver being the organ in which the 
synthesis of ammonia salts into uric acid occurs, 


THE PURIN ORIGIN OF URIC ACID IN BIRDS. 


, The evidence in favor of the existence of a purin source of uric 
acid is mainly based upon the work of Minkowski® and his pupil 
v. Mach. The reason why Minkowski in the first place suggested 
that this might be a source was because after entire removal of the 
liver a small excretion of uric acid was maintained for some time. 
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He therefore held that this small amount might be derived from 
disintegration of nucleins, basing the view upon the work of Kossel 
which was then attracting attention. v. Mach then published a paper 
in which he showed that the bird could convert hypoxanthin into 
uric acid and that this could take place even in the absence of the 
liver; but the analyses were extremely few in number although very 
definite in their results. It is well known that when nucleins or nucleic 
acid are given to mammals there is a rise in the excretion of uric acid, 
but there is no reference in literature to their influence upon the bird’s 
metabolism except in my short preliminary notices. In the first place 
the effect of thymus nucleic acid given in the form of nucleate of soda, 
was investigated (v. Table VII). The total nitrogen rose on the day 


‘Tastx VIL. Goose (weight 4600 grms.). 


Date. N NH,  H,U N N “NH P 
(1) Oct. 2 & 3 
169 "B07 068 897:1  2°18:1 
y 
(2) Oct.4 1491 667 6 28:1 891:1 
(3) 5 1540 -336 “652 082 458:1 286:1 “424 
(1) Fixed diet. 
(2) Fixed diet and 2 grms. Nucleic acid (‘299 grm. N and °176 grm. P). 
(3) Fixed diet. | 


when the acid was given, the urine being collected for twelve: hours 
from the time that the last portion of the nucleate was given. This 
rise however was only slightly due to the urie acid, being mainly 
a result of the great increase in the bodies precipitated by phospho- 
tungstic acid other than ammonia salts and uric acid. This nitrogen is 
stated in the tables as diamido-nitrogen. That the nucleate was 
absorbed is shown by the rise in the phosphorus excretion. On the 
day following that on which the nucleic acid was given, the high level 
of the total nitrogen was maintained, this being due mainly to the 
large mono-amido nitrogen and uric acid excretion. Thus although the 
nucleate had raised the excretion of uric acid on the day upon which 
it was given and also on the following one, this rise by no means 
accounts for the rise in total nitrogen on those days. Another 
experiment may be quoted when a larger amount of nucleate was 
given, viz. 10 grms. of a commercial yeast nucleate of soda (corresponding 


to ‘746 grm. N and ‘455 grm, P). The average excretion on two days 


prior to giving the nucleate was estimated, and on the following 
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day the solution was given by stomach tube in four portions, the last 
about 10 hours before the. collection of urine. On the two succeeding 
days no nucleate was given. As in the previous case the total nitrogen 


_ rose markedly, this rise not being covered however by uric acid, 


in fact the proportion of the latter to total nitrogen remained smaller . 


_ than on the previous days. Here also the diamido _—— was very 


high (v. Table VIII). 
Taste VIII. Goose (weight 4600 grms.) 


N N Mono- Di- N N 
Total of of amido amido N: of N: of 
Date. 1900 N NHsg H,U P N N NHs H,U 
(1) May 30 & 31 
778 #108 «492 ‘140 129 «49049 8 1°58:1 
(2) June 1 1680 “484 404 3°47:1 2°74:1 
8) » 2&8 
744 237 4-249 #4119 38:18:11 2°98:1 
(1) Fixed diet. 
(2) Fixed diet and 10 grms. Nucleate of Soda (-746 grm. N and -455 grm. P). 
(3) Fixed diet. 


INFLUENCE OF HYPOXANTHIN AND CAFFEIN. 


The results which v. Mach obtained from feeding birds with the 
former have already been referred to. I thought it advisable however 
to give hypoxanthin, seeing that the results from nucleic acid feeding 
did not tend to support v. Mach’s views. I have only given it on 
two occasions, upon both of those the results were very similar. 
In Table IX the results are given of analyses in a case where the 


TaBLe IX. Goose (weight 4320 grms.). 


N N 
amido amido N: of N: of 


Date. 1901 P NH; HU 
(3) 28 716 186 088188 1 
(4) 4, 29 284 108-1180) 126 806:1 3°96: 1 
(5) ,, 80 "730 "160 492 065 018 092 4°56:1 1°48:1 

(1) Fixed diet. (2) Fixed diet and 2 grms. Hypoxanthin (= saath N). 


(3) and (5) Fixed diet. (4) Fixed diet and ‘5 grm. Caffein. 


hypoxanthin was well absorbed. The rise in the total eas which 
occurred was due to the mono- and di-amido compounds and not to the 
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uric acid. This.experimént is simply mentioned in order to corroborate 
the results obtained by giving nucleic acid. Any rise of uric acid 
accompanying the latter may be explained by its production from 
ammonia or mono-amido acids set free in the nuclein katabolism. The 


marked rise in the excretion of basic bodies precipitable by phospho- 


tungstic acid points toa katabolism of nucleins in birds of a different 
kind from that occurring in mammals. 

When such a methylated xanthin as caffein is given, much the same 
occurs as with hypoxanthin. The same increase in ammonia mono- 
amido acid and di-amido nitrogen is shown, but there is no increase 
in uric acid. That uric acid may be excreted for a short period 
after the entire removal of the liver was shown by Minkowski and 
Lang™, but two cases may be quoted where uric acid was present in 
considerable amount for about 18 hours after the organ had been 
entirely removed. The removal in-neither case was accom plished at one 
operation, but gradually, parts being taken away on two successive days. 
After as much of the last portion had been destroyed by the galvano- 
cautery as was possible, the bird lived for about 15 hours in one case, 


- 18 in the other, and the urine was collected for the last 10 and 5 hours 


respectively of life. (Table X.) It is quite possible, however, that 
the uric acid-then excreted had been formed | sigs to removal of the 
liver. 


Tams X. Duck (weight 2100 grms.). Removal of Liver. 


N Mono- Di- 
Total of of — amido 
Date. 1901 N NH; P .HU N Note 


Jan. 12 °115 054 +199 ‘045 Lived 15 hrs. after entire re- 
: moval—last 10 hrs. urine 


TaBLe XI. Goose (weight 4380 grms.). Removal of Liver. 


N 
Total of of 3 : 
Date. 1901 N NH, =U Note 


May ll 0638 Lived 18 hrs. after entire removal— 


The mere fact that there is a fairly constant small excretion of uric 
acid after complete removal of the liver is not sufficiently strong proof 
of the purin origin of the acid, for it is met with only for a few hours 
before death and thus under very abnormal conditions. Apart from 
v. Mach’s work one would be disposed to doubt the existence of any 
other mode _ of origin than the synthetic one. It is interesting also 
to note seas there is an exceedingly small quantity of purin bases. 
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_exereted by the bird. From numerous quantitative analyses I have 


found that a daily excretion of about two milligrammes alloxuric N is 
exceedingly constant, variations either in the direction of an increase 
or decrease seldom being noticeable. : 


CONCLUSIONS. 


Such mineral as hydrochloric acid ‘in than 


those which result-in acid poisoning (as described by Pohl and 


Miinzer) affects the uric acid synthesis, diminishing the transformation 
of ammonium salts into uric acid. | 

2. The same occurs with lactic acid but on neutralisation the effect 
is no longer produced. 

3. Galvanic stimulation of the liver aids the synthesis, while the 
presence of the electrodes alone inhibits it. 

4. -When galvanic stimulation of the liver is employed in the case 
of birds under the influence of acid, the action of the former prevents 
the latter making itself felt. 

5. Although the excretion of uric acid is raised by giving nucleic 
acid, it is not certain that this is due to a direct origin from the 
purin radicle. 

, 6 The results which were obtained on giving hypoxanthin and 


_ caffein, unlike those described by v. Mach, also tend to show that 


the direct transformation of purin bases into uric acid is not an 
important mode of origin in the bird. 
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THE PROTEOLYTIC ACTIVITIES OF THE PANCREATIC 
JUICE. By W.M. BAYLISS anp E. H. STARLING. 


(From the Physiological Laboratory, University College, London.) — 


Ir is remarkable that although one of the earliest of the modern 
researches on the pancreatic juice, namely, that of Corvisart’, was 
made on the pancreatic juice itself as secreted into the duodenum, nearly 
the whole of our modern ideas on this subject are based on experiments 
carried out, not on the juice, but on extracts made in various ways from 
the gland itself. It is true that the observations of Claude Bernard* 
had reference to the actions of the juice collected from a fistula, but the 


‘omission of any reference in his results to a proteolytic activity of this 


juice has tended to depreciate the importance of his work in the light 
of the later experiments of Kiihne, Heidenhain, Langley, and others 
on extracts of the gland. Corvisart noted chiefly the action of the 
juice on proteids, Claude Bernard mentioned its amylolytic action, 
but devoted chief attention to its power of splitting up and saponifying 
fats. The work of Kiihne reestablished in the minds of physiologists 
the importance of this gland as a proteolytic agent. Heidenhain and 
Langley showed that the proteolytic ferment trypsin was in the fresh 
gland present, not preformed, but in the form of a precursor, trypsinogen. 
Pancreatic juice itself, though employed by Heidenhain in a few 
experiments, has been the subject of detailed investigation only since 
Pawlow elaborated his method of establishing permanent pancreatic 
fistule in dogs. It will be remembered that in this method the patch 
of duodenum on which the pancreatic duct opens is brought to the 
surface and stitched into the abdominal wound. In this way, whenever 
the dog is fed a flow of pancreatic juice is obtained which, trickling 
from the duct over the small patch of mucous membrane, drops down 
and can be received into a funnel, and so into a receiver tied to the 
belly of the animal. In showing that this juice possessed the three 


: Sur une fonction peu connue du pancréas, Paris. 1857. 
_ ® Liquides de Vorganisme, T. 1, Legons, 14 and 15. Paris. 1858, 
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ferment actions which have been attributed to it since the time of 


Kiihne, pupils of Pawlow, especially Walther’, drew attention to the 
marked differences in the juice caused by variations in the diet of the 
animal, and asserted that according as the diet contained chiefly 
proteid, fat, and carbohydrate, so did the contents of the juice in trypsin, 
steapsin, or amylopsin respectively increase, The results of these 
observers, especially in the case of trypsin, showed, however, . some. 
discrepancies, The reason for this was apparent when Chepowalnikow? 
showed that the pancreatic juice obtained in Pawlow’s mode of pro- 


cedure contained only a small portion of trypsin, but a large amount of — 


trypsinogen, and that this latter substance needed for its conversion into 
trypsin the interaction of a body contained in the succus entericus, and 
called by Pawlow enterokinase. According to Pawlow enterokinase 
acts as a ‘ferment of ferments,’ t.¢., acting in minimal quantities, converts 
the trypsinogen into trypsin, just as trypein converts proteid into its 
hydrated products. 

Quite lately, Delezenne and Frouin’, working in the Pasteur 
Institute, have found that the pancreatic juice, if drawn from a cannula 
_ in the duct so as to avoid any contact with the little patch of mucous 
membrane forming the floor of the fistula, is perfectly free from trypsin, 
and that this body is only formed from the trypsinogen in Pawlow’s 


experiments as the juice trickles from the mouth of the duct over the | 


mucous membrane. This author has also put forward an explanation 
of the action of enterokinase which differs from the ny perhenss of 
Pawlow. 

We shall later on have to oullabtee these hypotheses, as also the 
statement of Delezenne‘ concerning the origin and distribution 
of enterokinase itself, Our experiments were directed to obtain an 
_ exact knowledge of the properties of the juice itself as a preliminary to 
an investigation of the adaptive powers of the gland which had been 
described by Walther. They have extended over a longer time than 
we expected, owing to the complexity of the points involved and the 
defective state of our knowledge concerning the intimate nature of 
ferment action. They ‘have, however, been rendered easier by the 
discovery of secretin, and the easy method thereby afforded of obtaining 
pancreatic juice at any time, and from an animal in any condition, 
without the formalities of making a permanent fistula. 


1 See Pawlow. Le travail des glandes digestives. Paris, 1901. 
2 Thése (Russian). St Petersburg. 1899. Paris. 1901. 
3 C, R. Soc, de Biol. 1902, p. 691. Paris. «. 4 Ibid., p. 281. Paris. 
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Enperimental Methods. 


In nearly all cases dogs were used as the source of j juice. In all 
cases the animals were anesthetised with morphia and ACE. A 
cannula being tied in the pancreatic duct, juice was obtained by 
injecting at intervals of 10 minutes solutions of secretin obtained in the 
manner described in a former paper’. As a rule the intestines of each 
dog were used for the preparation of secretin to be injected into another 
dog on a subsequent day. The cannula and rubber tube attached were 
always boiled before the experiment, the juice was received into sterile 
flasks, the first few drops of secretin, representing the juice which had 
been stagnant in the ducts, being rejected. The collection of juice was 
kept up from 4 to 12 hours, varying quantities of juice, from 30 to 
120 c.c. being obtained from each dog. It was found that the animal 

5 kept in better condition if the secretin solutions (which contained in 

p nearly all cases also the depressor substance) were injected in small 
a doses, 1 to 2c.c., frequently, than when larger doses were — 
longer intervals. 

In a few cases a secretion of j juice was obtained by the injection of , 
pilocarpine. This drug differs markedly from secretin in its action 
on the pancreas. Injected in a dose from 10 to 15 mgrms. into a large 
dog it caused a flow of juice much slower than that obtained by secretin. 
This flow might not begin till 5 or 10 minutes after the injection, and 
lasted a-half to one hour. Sometimes a second injection invoked 
a second but smaller flow of juice, with the same time relations. But 
in many cases the second dose was ineffective. In all cases the gland 
seemed to rapidly tire and become insusceptible to the drug. The 
juice obtained by pilocarpine is much thicker and richer in solids than 

that given by secretin. It is possible that part of the difference 
between the two methods of gland stimulation is conditioned by the 
local vaso-constriction, which is one of the effects of pilocarpine 
injection. There are several other points of difference, however, between 
the action of these two chemical agents, as mentioned in our previous 
paper. In many cases, where it was required to keep the juice for some = 
time, it was at once mixed with an equal volume of 2°/, sodium fluoride, : 
and the mixture was kept in the ice-safe until required for observation. 
The fresh juice, however, does not possess any marked tendency to 


1 This Journal, xxvit. p. 333. 1902. 
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. putrefy, and if collected in a clean vessel may often be kept for days 
without any sign of decomposition. 

In order to test the proteolytic activity of the juice under various 
conditions, we made use of the methods devised by Mett and by Fermi. 

Mett’s method implies the digestion of coagulated egg-white in small — 
glass tubes at a temperature of 35°C. to 40°C. We found that this 
treating of the juice, however, materially altered its activity. The 
process of auto-destruction of the tryptic ferment is so rapid at this 
temperature, especially if the fluid be fairly free from dissolved proteids, 
that the ferment may undergo destruction before it has had time to 
digest any large quantity of the egg-white. 

On this account the larger number of our observations were made 
by Fermi’s method, using tubes filled with coloured gelatin (made with 
1°/, NaF solution), and allowing them to digest at the temperature 
of the room. Since all our observations were comparative, each group 
being carried out at one time, alterations in the temperature of the 
room did not vitiate our results, since all the specimens under observa- 
tion were affected simultaneously. Under these conditions a juice may 
be more active at the end of a week than it would be after 5 hours 
at a temperature of 40°C. 

In all our experiments the number of millimetres given imply the 
average amount digested at each end of 2 or 3 tubes during the time 
stated. 

The mode of preparation of the solutions of enterokinase used by us 
is i bias in a later section of this paper. | 


GENERAL CHARACTERS OF THE PANCREATIC JUICE. 


Juice obtained by the injection of secretin is a clear or very slightly 
opalescent fluid, only slightly viscid, and very strongly alkaline, It 
contains from 1°5 to 2'5°/, of solids, of which about 1°/, is represented 
by salts, chiefly sodium carbonate, and the other ‘5 to 15°, by proteids, 
Its alkalinity is equal to or greater than a decinormal sodium carbonate 
solution. Thus in some —— 10 cc. of the juice needed for its 


neutralisation 15 cc. of & 9 Hs80,, and in no case did we find ‘its alka- 


linity less than Pei The proteids of the fresh juice all belong 
to the class of coagulable proteids, and are totally precipitated by 
trichloracetic acid. On neutralising the juice a precipitate is produced 
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which is largely increased on heating to 60°C.; fully 50°/, of the 
proteids are precipitated at this temperature. - | 

Pilocarpine juice contains from 3°/, to 5°/, total solids, the chief 
difference between it and the secretin juice being determined by 
proteids, Its alkalinity is generally somewhat less than that of secretin 
juice. Qualitatively, the proteids seem to resemble those of secretin 
juice. A detailed chemical examination of both kinds of juice is, 
however, being made by Mr de Zilwa. The above short account will 
therefore serve the purposes of the present paper. | 


THE DIGESTIVE PROPERTIES OF SECRETIN JUICE. 


_ Fresh juice obtained as above has a strong amyolytic action on 
starch, and a slight fat-splitting action, which is largely increased by the 
presence of bile. On certain proteids it has a feeble but definite action. 
Fresh fibrin, if allowed to remain in contact with the juice at a 
temperature of 38° C., is apparently unaltered at the end of one or two 
hours; but is completely dissolved at the end of 24 hours. This action 
on fibrin has been ascribed by Delezenne' to the presence in the fibrin 
_ of enterokinase derived from disintegration of leucocytes. We shall show 
later on that enterokinase is completely destroyed at 65°C. Fibrin, 
however, can be heated to 70°C. for a quarter or half-an-hour, without 
losing altogether its solubility in pancreatic juice. The fibrin at this 
temperature is coagulated to a certain extent. When treated with 
pancreatic juice it will still dissolve, but now will require 3 to 4 days 
instead of the one day required by fresh fibrin. Pancreatic juice also 
hydrolyses caseinogen, though slowly, and apparently the proteolytic — 
ferment in the juice attacks the proteids of the juice itself. Thus if the 
juice has been kept for some time, and then treated with trichloracetic 
acid, the filtrate will give a slight but distinct biuret reaction. 
Pancreatic juice is without effect on coagulated proteid, or on solid 
gelatin at the temperature of the room. Coagulated egg albumen may 
be kept in contact with the juice for a week without undergoing 
solution. Fresh pancreatic juice, in fact, resembles closely in its 
proteolytic functions the succus entericus. It has been shown by 
Kutscher and Seemann’® that the erepsin described by Cohnheim* 


1 OC, R. Soe, de Biol. 1902, p. 591. 
2 Zeitsch. f. physiol. Chemie. xxxv. p. 445. 1902. 
3 Op. cit. xxxm. p. 464. 1901. 
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does not confine its action to albumoses and peptones but has also a. 
feeble solvent action on fibrin and on caseinogen. Fresh juice may be 
kept for weeks without any apparent alteration in this feeble pro- 
teolytic power. Hence it is evident that its power is not due to a 
partial spontaneous conversion of the trypsinogen into trypsin. This 
latter potent ferment apparently makes no qualitative difference 
between coagulated and dissolved or uncoagulated proteid. It may be 
so largely diluted that its action on fibrin is reduced to the feeble 


degree which characterises fresh pancreatic juice. In this dilution it 


still digests coagulated egg-white and gelatin slowly, whereas fresh — 
pancreatic juice which will digest fibrin in 24 hours is without effect on 
coagulated egg albumen or globulin, even after the lapse of a week. 
This is shown the following 


Feb, 2nd. (a) 100,.c. 1%, NaF +0:1c.c, solution of Griibler’s trypsin and gelatin tubes 
at 15° C. 
(b) 10¢.¢. 1°/, NaF +0°1¢.c, solution of Griibler’s trypsin and fibrin at 38° C. 
After 24 hrs, 1‘1 mm. of the gelatin was digested, and the fibrin was about half gone. After 
a further period of 24 hrs. the gelatin tubes were digested to the extent of se 
the fibrin was completely dissolved. 


We believe therefore that the outgrowth of the intestinal epithelium 
which gives origin to the pancreas retains one primitive function of the 
intestinal epithelium, namely, the power of secreting a very feeble 
proteolytic ferment, and should describe the pancreatic juice.as con- 
taining a ferment similar to that which was described by Cohnheim in 
the succus entericus and named by him erepsin. It is possible that the 
feeble proteolytic ferments described by various observers in Brunner’s 
glands and as pseudo-pepsin are of the same nature. 

Very different is the case when a trace of succus entericus or 
extract of intestinal mucous membrane is added to the fresh juice. 
Within a short time the juice becomes the most powerful proteolytic 
agent with which we are acquainted, one which, at body temperature, 
will digest fibrin within 10 minutes, and tubes of coagulated egg- 
white within a few hours. .The juice acquires on this addition those 
proteolytic qualities which have been ascribed to it since the time of 
Kiihne, and which we associate with the presence of trypsin. The 
succus entericus or the intestinal mucous membrane may be so diluted 
as to possess no proteolytic powers, and yet in maximal dilution is able 
to activate large quantities of the juice. 

Thus in an experiment (Dec. 15, 1902), 5 c.c. of fresh juice was 
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treated with 0-008 c.c. of a solution of enterokinase, which had already 
been found to be devoid of any proteolytic power when tested on 
gelatin, and the gelatin tubes added. After 20 hours at room tempera- 
ture 5°1 mm. were digested. Fresh tubes were then added, and after 
another 24 hours these were digested to the extent of 7°2mm. Control 
experiments were made with the juice without enterokinase—but the 
tubes showed no trace of solution, even after three days. - 


NATURE OF ACTION OF ENTEROKINASE, 


As we mentioned above, Pawlow regarded enterokinase in the 
light of a. ferment. Delezenne’, on the other hand, has sought to 
bring the interaction of these digesting juices into line with the 
adaptation studied by bacteriologists in the formation of antitoxins, 
hemolysins, etc. According to Delezenne, enterokinase belongs to 
the class of cytases which have been described by Metchnikoff, and 
identified by him as products of the various types of phagocytes, 
especially the white blood corpuscles. These bodies are of almost 
universal occurrence, and are identical with those described by Buchner 
as alexins, and by Ehrlich as complements. These cell-dissolving sub- 
, stances cannot act on their object of attack without an intermediary 
substance which shall anchor them on to the substance in question. 
This intermediary substance, the immune body, or anti-body, is specific, 
and varies with the substance to be attacked, e.g. red blood corpuscles. 
Metchnikoff and Delezenne regard the trypsinogen of the pancreatic 
juice as this intermediary body or amboceptor, which can lay hold of the 
proteid molecule on the one hand, and of the cytase or enterokinase on the 
other, and so permit the latter to attack and break up the proteid molecule. 
It is evident that these two views are diametrically opposed to those of 
Pawlow. Delezenne has sought to support his view by the observation 
that the enterokinase can be abstracted from a fluid by means of fresh 
fibrin, just as the immune bodies can be abstracted from blood by red 
corpuscles in the cold, and be precipitated with them. The two views 
are, however, so fundamentally distinct that no difficulty is experienced 
in devising experiments which shall decide between the two. In the 
first place, according to Delezenne’s view there must be always a 
quantitative proportion between the amount of enterokinase and the 


1 ©, R. Soc, de Biol, 1901, p. 1161. 
5—2 


a 
an 
| 
eg 
a 
a 
4 
= 
PS 
Wa 
7 


68 W. M. BAYLISS AND E. H. STARLING. 


amount of trypsinogen, each “molecule” of enterokinase will need a 


“molecule” of trypsinogen to anchor it on to the proteid molecule. 
The amount of enterokinase which may be added to a given solution 
of trypsinogen to impart the optimum proteolytic power to the solution 
will be reached directly the number of molecules of enterokinase equals 
that of the trypsinogen. This condition, once attained, will be perma- 
nent, and under no condition could we expect by the use of a minimum 
quantity of enterokinase to evoke a maximum proteolytic activity by 
allowing a longer time for the interaction to take place. On the other 
hand, this is precisely what would happen if the enterokinase acted as 
a ferment. A larger amount of enterokinase would convert the tryp- 
sinogen rapidly into trypsin, while the same effect should be produced 


by a much smaller amount of enterokinase if only interaction were : 


allowed to go on for a much longer time. | 

We therefore, in the first place, instituted a number of experiments 
on the quantitative relationships of enterokinase to trypsinogen. Fresh 
pancreatic juice, with or without the addition of sodium fluoride, was 
treated with quantities of enterokinase varying from ‘0001 ¢.c. up to an 
equal bulk, and the action of the mixture at once tested on gelatin 
tubes and on coagulated egg-white. It was found that if the 
experiment was allowed to go on for two days before interruption, that 
the differences between the results were only slight, and that it was | 
very difficult to determine any optimum degree for the amount of 
enterokinase. On the other hand, if the observations of the tubes were 
made repeatedly at short intervals it was found that at first there was 
a very marked difference in the activities of the various mixtures, those 


containing a large amount of enterokinase being very active, while those 


containing the smallest quantities might be absolutely inactive. Later 
on these differences gradually disappeared. There was a rapid increase 
in the proteolytic activity of the solutions containing the traces of 
enterokinase, while, at room temperature, those containing larger 
amounts slowly diminished in activity. These results are well illus- 


trated in the following experiment, which may serve as a type of the 


large number we made on this point. 


Oct. 21st, Mixtures made in sterilised flasks of various proportions of fresh pan- 
creatic juice (J), a sodium fluoride extract of intestinal mucous membrane (Ent) and 
1°/, sodium fluoride solution, These were treated with gelatin tubes and the digestion 
observed at the end of 6 hrs. and 24 hrs. Fresh tubes were then added, and a 3rd set of 
readings taken after another 24 hrs. The results are shown in the following table. 


ig 4 
| 
4 
| 
t 
i 
| 
tf 
} 
pi 
t 
q 
} 
3 
4 
7 
a 
4 ti 
tt 
me 
4 
ah ti 
if 
4 
H 
bil 
al | 
t 
at 


PANCREATIC JUICE. 69 


Length of Gelatin digested in mm. 
oe A further 24 hrs. 
Flasks. After 6 hrs. hrs. tubes). 
A. (4) ‘5e.c. J.4+44 1°, NaF +0°1 Ent. 5 5 
(5) #1 2 65 5°25 
(6) ” ” 29 ” 16 8 7°5 5 
B. (7) 2c.c.J.+8 NaF Ent. 0 7 7°25 
(9) ” ” 1-4 ” 3 12 7 
©. (10) J.+1°6 NaF+0-1 Ent. 0 9. 8:5 
2-25 12 8°25 
(12) ,, 32 13 8°75 
D. (1) 56.c. J.+1 NaF +0°03 Ent, 0 7°75 
(3) ” ” 0 10 3 12 8°5 
E. (13) 10¢.c. J.+1°5 NaF Ent. 0 41 10°5 
(15) On is 3 14 9 


Gelatin tubes added to all. 


So far these experiments confirm Pawlow’s view, the enterokinase 
resembling in its action a ferment, 1.¢., acting directly on the trypsinogen, 
_ and not in codperation with an equal number of trypsinogen molecules 
on the proteid molecule, 

If Delezenne’s view were correct, every known trypsin must owe 
its activity to the coexistence in it of the two bodies trypsinogen and 
enterokinase. It becomes therefore of importance to seek for some 
means of determining the*presence or absence of these two substances 
in the commercial and other preparations of trypsin. We hoped at first 
that we. should be able to decide this question by studying the effect 
of heat on trypsin solutions. If we take three solutions, namely, fresh 
juice, enterokinase, and a solution of Griibler’s trypsin, we find that 
whereas the trypsin and enterokinase are entirely destroyed at 65° C., 
the pancreatic juice does not lose its power of forming an active 
solution with enterokinase until it is heated to 70°C., that is to say, 
trypsinogen will stand a higher temperature than either trypsin or 
enterokinase. This difference, however, is not sufficiently absolute 
to enable us to decide the question as to the presence or absence 
of enterokinase. and trypsinogen in the commercial extracts, since 
trypsinogen is considerably damaged by exposure to a temperature 
of 65° or 66°, while in certain conditions of the solution, as, eg., 
Benger’s liquor pancreaticus, the trypsin may be heated as high as 
70°C. without losing all its power. These results are shown by the 
following experiments. 
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Oct. 6th, 1902. Relative resistance to heat of Trypsinogen, Enterokinase, and 
«'Trypein ” (i.e. juice and enterokinase which had been kept for 1 hr. at 35°C.). 
Controls. 


Juice alone with gelatin tubes 
Activated juice with gelatin tubes os 
Enterokinase alone with gelatin tubes 0 
Trypsinogen. . 4 ater 
5 c.c. juice alone heated to 60°C. for 10 mins., cooled and enterokinase 7 
— with gelatin tubes 
” ” ” 65° ” ” ” ” 7 
” 70° ” ” 0 
Enterokinase. 
Digestion after 17 hrs. 
5 c.c. juice + enterokinase previously heated for 5 mins. to 55° C. 8°5 mm. 
” ” ” ” ” 65° C. 0 
sin.” 
5 c.c. activated juice heated to 60° C. for 10 mins. 4mm. 
” 3? ” 65° C, ” 2 ” 


The inactive juice became cloudy at 60°C. The enterokinase solution gave a coagulum 
at 55°C. The activated juice did not become cloudy on heating. 

In another experiment on various commercial preparations of trypsin all became 
inactive at 65°C. except Benger’s, which retained a slight activity even after heating to 


75° C, 

One criterion which, in conjunction with other results, is of im- 
portance, is that afforded by the auto-destructibility of these substances. 
Fresh juice can be kept at 40°C. for many days, and will still, when 
treated with enterokinase, give an active juice. Trypsin solution, 
solutions of enterokinase, or mixtures of the two, are very rapidly 
destroyed at this temperature, although fairly stable at the ordinary 
room temperature of 16°C. 

This is shown by the following experiments :— _ 


Effect of keeping at 16°C. and at 38° C. on trypsinogen and 


activated juice. 
Digestion after successive 

mane | periods of 24 hrs. 

(1) 5¢.c, juice+1 c.c, enterokinase + gelatin tube at 16°C. 7°8 5 mm. 
(2) » 88° for 24 hrs. +tube 2 
(3) ” ” ” for 48 hrs. +tube ‘5 ” 
4) at 15°C. for 48 hrs, +tube 56 ,, 
. 5 c.c. juice alone at 38°C. for 24 hrs. +enterokinase and tube 8°25 7°25 ,, 


” ” ” for 48 hrs, + enterokinase + tube 8 
at 16°C. for 48 hrs. + enterokinase and tube 7 
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In this experiment the testing of the digestive powers of the juice on gelatin were of 
course carried out at the room temperature (about 16°C.), whereas in No. (2) 24 hrs. at 
88° C. had diminished the amount digested in 24 hrs. to }, and 48 hrs. had almost 
completely abolished the proteolytic power of the mixture of juice and enterokinase; in 
No. (6) the heating of the juice alone to this temperature for 48 hrs. had absolutely no 
effect on its activity when subsequently treated with enterokinase. eet 


Effect of keeping at 38°C. on enterokinase. 
Oct. 21st. (1) Enterokinase in incubator. 
(2) ” room temperature. 
(3) 5 ¢.¢. juice+1 ¢.c. enterokinase at 38° C. 
After 24 hrs. flasks were prepared containing 


5 fresh juice +1 fer 24 hr. 
(c) The sume No: 
All had gelatin tubes added. 


The roid diminution in power of active sclickions of trypsin has 
already been shown by Vernon. We have’ fully confirmed this ob- 
server's results, using different commercial preparations of trypsin, as 
well as active glycerine extracts of the gland. 

It is worthy of note that the auto-destruction of trypsin is most 
marked in pure solutions of this body, and is markedly diminished 
by the presence of proteids or hydrated proteids in the solutions. 
It is as if the trypsin, deprived of molecules to attack, turned its 
destructive powers on to itself. 

This power of preventing the siededcuian of the trypsin is 
noticeable even with small quantities of proteid such as is contained 
in the juice itself; on this account Griibler’s trypsin in watery alkaline 
or NaF solutions loses its power more rapidly than activated pancreatic 
Juice. 

The following experiments show the protection afforded by the 
presence of a little egg albumen (egg-white diluted 10 times with 
distilled water filtered and boiled) on Griibler’s trypsin, and on activated 
Juice. 

I. Griibler’s trypsin (solution in 1°/, NaF). 
(a) 80,¢, trypsin + 10 c.c. boiled egg albumen + 10.0. 2°/, NaF at 40°C. for 24 hrs. 


(6) ” +10 c.c. water + ” ” 
(c) + at 15°C. 
Then added to each gelatin tubes, and kept at room temperature 
Digestive power 
After After 48 hrs. 
(az) 15mm. 4°5 mm. 
0. 16 


* 
>, 
“a 
a 
4 
ray 
+4 


72 W. M. BAYLISS AND E. ss STARLING. 


Il. Activated juice. 


(a) 5c.c, juice+1c. enterokinase +5 0.c. boiled egg- -white at 40° C. for 3 days 
(8) ” ” +5c.c. water ” 
(y) ” ” ” at 16° C. 
Gelatin tubes then added. 


The protective influence of proteids seems to vary within wide 
limits with the amount of proteid present. Thus it is still more 
marked when the trypsin solutions are i with an equal bulk 
of 5°/, casinogen solution, or a 10°/, solutioi of commercial peptone, 
than in the two experiments just quoted. It is remarkable that 
“ peptone ” solutions should have this preservative effect. It is generally 
stated and believed that the action of trypsin as of other ferments is 
inhibited by the accumulation of the products of its action. In this 
case a solution of trypsin containing peptones, etc. closely allied to the 
products of its activity, when tested on tubes of coagulated egg-white 
at 40°C. will apparently excite a much stronger digestive action than 
another similar solution without such admixture. In comparing the 
activities of any two solutions we have therefore to take into account 
not only the amount of ferment present, and the reaction of the solution, 
but also the amount of proteids or the products of their digestion 
present in the two fluids. 

It is evident that according to Delezenne the activity of a hentio 
solution is due to the coexistence in it of trypsinogen and enterokinase. 

If therefore we can by any means exclude the presence of enterokinase 
from such a solution we can be equally certain that its activity 
must be due not to trypsinogen but to a third substance, namely, 
trypsin. 

The distinguishing character of enterokinase, in fact the only 
character by which we can judge of its presence, is its power of acti- 
vating pancreatic juice. If the trypsin solutions contain enterokinase, 
they also must possess a power of activating pancreatic juice. This 
indeed is stated by Vernon! to be the case, and we have therefore had 
to devote many experiments and much time to the decision of this point. 
The experiments on the activating power of trypsin are complicated by 
the fact that one is here adding a solution which is itself proteolytic, 


1 This Journal, xxvu. p. 288. 1901. 
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and asolution whose proteolytic power will vary according to the reaction 
of the fluid, the presence or absence of dissolved proteids in the fluid, 
and the reaction of the fluid. The first experiments on this point were 
made with Griibler’s trypsin, comparing the activating powers of Griibler’s 
trypsin with that of a solution of enterokinase. The results of the 
are given below. 


24 hrs. 24 hrs. 
a. juice+1 trypsin All with 3mm.) Fresh tubesadded 1 mm. 
b. Na¥ +108 | gelatin 4 ,, to a and b. 25 4 
c. tubes. 11 ,, 


Il. a. juice+1.c. trypsin. 
b. 5c.c, NaF + 1 ¢.c. trypsin. 


Both kept for 1 hr. at 40° C., then cooled, and gelatin tubes added. 


Digestion after 20 hrs. —a. 2 mm. 
2 ,, 


both, and fresh gelatin tubes. 


Digestion after 24 hrs.—a. 4°75 mm. 


Effect of Merck’s trypsin on inactive glycerin oF 


The extract, which did not digest gelatin, even on dilution, until the addition of 
enterokinase, and which will be described in a subsequent paper, was diluted 10 times with 


F, Na,CO, and a part of it heated to 100° in a steam sterilizer. 
a. 5c.c, diluted glycerin extract +1 c.c, trypsin. 


d. ” heated + + ” ” 
é. extract + 1 c.c. enterokinase. 


Left for 24 hrs. at room temp. then gelatin tubes. 


Digestion after 24 hrs.—a. b. 61 c. 54 
d, 5°6 e. 6:5 


Then added 1 ¢.c. ent. to all. 
Digestion after farther 24 hrs. (warmer day)— 
a, 82 b. 61 


d. 58 e 49 
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Another experiment with weaker trypsin solution :— 
a. diluted glycerin extract + 0-2 trypsin + 0°8 
b. ” heated + ” ” 


d. ” 9? ” +1 ¢.c. ent, 
Gelatin tubes in all. 
d. e. 


It will be seen that the pancreatic juice plus trypsin had no greater 
proteolytic power than a solution of sodium fluoride or sodium carbonate 
plus trypsin ; in fact in some cases the proteolytic power of the pancreatic 


_ juice plus trypsin was less than that of a sodium carbonate solution con- 


taining the same strength of trypsin. There is no doubt that Griibler’s 
trypsin has no activating power on pancreatic juice, and therefore 
contains no enterokinase. In other observations, one of which is recorded 
above, we have noticed that it can digest and destroy the precursor of 
trypsin, trypsinogen, without in any way converting it into trypsin. The 
hydrolytic splitting of trypsinogen, that is to say, does not sparse 
involve its conversion into trypsin. . 

The experiments with an active glycerin extract of pancreas, 
though very similar to those just described, do present some slight indi- 
cations of the presence of an activating substance, and we shall have to 


return to them later on. Experiments with Griibler’s trypsin are 


sufficient to prove that trypsin is not a mixture of trypsinogen and 
enterokinase, but is a third substance which may exist in the absence of 
either of these two other bodies, It is a product of that interaction, and 
not merely the sum of their addition. 

We have not been able to confirm Delezenne’s observations 
on the affinity of fibrin for enterokinase. We have soaked flakes of 
fibrin in enterokinase solutions for a considerable time, but have not 
found that their intimate admixture with the fluid resulted in any 
diminution of the amount of enterokinase contained in the fluid. The 


fibrin certainly took up a small trace of enterokinase, and was therefore 


able to activate pancreatic juice, but this is what one would expect, and 


does not indicate any specific attraction of the fibrin for the entero- 
kinase. 


Fresh fibrin, wrung out as dry as possible, was moistened with an active solution of 
enterokinase, and allowed to stand for 48 brs. At the end of this time the fluid was 
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solution of enterokinase. 


Gelatin tubes 

| 3 after 24 hrs. 

a. Juice + original enterokinase 10 mm. 
b. 4, +enterokinase squeezed out of fibrin 9 ,, 


The fibrin was found to activate juice in which it was allowed to stand. 


We must therefore conclude with Pawlow that enterokinase is a 
ferment, with a specific action on trypsinogen. When it has effected 
the conversion of trypsinogen into trypsin its office is finished, and ‘it 
takes no further part in the action of trypsin on the proteid constituents 
of the fluid. It is, in fact, rapidly destroyed at the temperature of the 
body, especially in the presence of trypsin. 

' What is the nature of this action? If, as in the case of so many 
other ferments, it is merely a hydrolysis, we should expect to be able to. 
imitate its effect by chemical means; and many physiologists have 
described various methods of activating pancreatic extracts, 1.e. of con- 
verting trypsinogen into trypsin by simple chemical means, such as the 
addition of weak acids, oxygenation, etc.’ 

We have tried all the procedures we could think of for effecting this 
conversion but without success. We have already described our 
negative results as regards the action of Griibler’s trypsin on trypsinogen. 
_ We have acidified the juice with weak or strong acid and then neutralised 
or made alkaline again after varying periods; we have left the juice 
in contact with fibrin, with yeast, with takadiastase, with platinum- 
black, with gastric juice in acid or alkaline media, with saliva, 
hydrogen peroxide, and sodium amalgam; most of these treatments 
the juice stood extremely well, z.¢. it could be rendered active after- 
wards by the addition of enterokinase. In no case, however, did our 
treatment render the juice active without this addition. Moreover the 
juice showed no signs of spontaneous activation, even after standing 
for weeks, in the absence of infection by micro-organisms, and 
similar results have been lately obtained by Delezenne*, We are 
therefore obliged to look upon the action of enterokinase as absolutely 
specific. It is possible that a very slight “ Umlagerung” in the molecule 
is sufficient to cause a conversion of trypsinogen into trypsin, and 
that the hydrolytic changes induced by pepsin or trypsin are too 
profound, leading at once to a total destruction of the active parts 
of the molecule. We have a parallel instance in the behaviour of 


1 Op, Kiihne, Heidenhain, &c. 
2 ©, R. Soc, de Biol. 1908, p. 455. 
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tryptophane to organised ferments, and to chemical reagenta respectively, 
lately described by Hopkins and Cole’. 

In view of the statement recently made by Vernon * and supported 
by many experiments, that trypsin itself is able to convert trypsinogen into 
— we have devoted special attention to this point. Although such 

a process would be not without analogy in other catalytic processes 
known to chemists, it would be quite a unique case among ferments that 
a product of a reaction should itself be the catalyser of the reaction. 
Such a reaction would necessarily progress with ever-accelerating velocity, 
and it should be possible by the study of the velocity of the change, apart 
from other considerations, to test the truth of Vernon’s hypothesis. 
Although we have not made accurate determinations of the velocity of 
the change involved in the conversion of trypsinogen to trypsin, we have 
obtained no evidence of such increasing velocity of change as would be 
required by the hypothesis. Of course it must be remembered that our 
experiments differ in one important respect from Vernon’s, in that we 
have always employed pure juice for our experiments, whereas Vernon’s 
observations were made on the much more complex solutions obtained 
by macerating the fresh gland in various media. So far as the juice is 
concerned we have already given experiments to show the absence of 
any catalytic effect of Griibler’s trypsin, and have mentioned there that 
this ferment will destroy the pro-ferment of the juice without apparently 
at any time converting it into ferment. Dr Vernon’kindly placed at 
our disposal some of his active glycerin extracts of pancreas, which. he 
had found to be rich both in trypsin and in the power of = his 
pancreatic extracts. 

The following series of observations shows the effect of this extract, 
in a 1 in 10 dilution, on pancreatic juice as compared with the action of 
enterokinase, 


Effect of active glycerin extract ae pancreas (Vernon) on inactive 


pancreatic juice. 
(Trypsin =1 in 10 solution of glycerin extract in 1 °/, NaF.) 
24 hrs. hes, 
A. 1. 5¢.¢. juice+1 ¢.c, trypsin 6 mm. 4°25 mm. 
2. boiled juice +1 ¢.c. trypsin 6 , {Fresh 38 


8. 5c.c. diluted juice +0°2 c.c. trypsin gdatin 2% ,, {tubes, 3°75 ,, 
4. boiled diluted juice +0°2 c.c. 
trypsin 


'.This Journal, xxix. p. 451. 1908, ? loc. cit. 
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24 hrs, 24 hrs, 48 brs. 
B. 1, 5e.c, juice+02 trypsin All treated 1 1 enterokinase added 4-2 


2, juice+0°2 c.c, enterokinase| with 4 
N gelatin 
8. 56.6, 79 trypsin 2°3 


It will be seen that with fairly large quantities of this diluted 
extract, namely, 1 c.c. to 5 c.c. of juice, the proteolytic power of the 
mixture was the same whether the juice had been previously boiled or 
not; that is to say, in this strength the total proteolytic activity of the 
mixture was due to the added trypsin solution, for which the reaction 
of the pancreatic juice represented apparently the optimum. When 
smaller quantities of the trypsin were used, namely, ‘2 c.c. of the diluted 
extract to 5 c.c. of the juice, the activating effect for the first 24 hours 
was almost nil, and the slight proteolytic power presented by this 
solution could be entirely ascribed to the active trypsin introduced. 
In fact in some cases the mixtures of juice plus trypsin were less active 


than a solution of ~ sodium carbonate containing the same proportion 


of trypsin (‘2 c.c.). When these solutions were left for two or more 
days the pancreatic juice plus trypsin was finally more active than a 
similar solution of trypsin in sodium carbonate. This might be 
ascribed to a slight activating effect of the trypsin on the pro-ferment, 
or to the retarding effect exercised on the auto-destruction of the 
ferment by the proteid present in the pancreatic juice. In view of the 
fact that other preparations of trypsin had no activating effect whatever, 
and that any activating power possessed by a given solution of trypsin 
has no relation whatever to the proteolytic or tryptic power of the 
solution inclines us to believe that the active glycerin extracts contained 
not only trypsin but also enterokinase, and that its slight activating - 
_ effect is due entirely to the presence of this latter substance. This 
conclusion was borne out by another set of experiments. If trypsin 
itself activates trypsinogen, a specimen of pancreatic juice which has 
been activated by the addition of a small amount of enterokinase should 
possess an activating power on further portions of juice which should be 
much greater than that represented by the small trace of enterokinase 
it contains. That this is not the case is shown by the following 
experiment :— 3 | 


5 c.c. of fresh juice was treated with °4 c.c. of active enterokinase solution. This was 
kept at 35°C. for 30 minutes, then cooled to room temperature, and gelatin tubes inserted. 
The next day the gelatin tubes were completely digested. 5 c.c. of fresh juice were now 
treated with +l ¢.c. of this active juice. This amount would contain. 008 c.c. of the 
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original enterokinase. At the same time, another portion of fresh juice was treated with 
008 c.c. of fresh enterokinase. In 20 hrs. time the digestive powers of the fluids were 
almost identical; that treated with -1¢.c. of active juice having digested 4-5 mm.,-while 
that treated with -008 c.c. of fresh enterokinase digested 5:1 mm., and in a further 26 hrs. 
the digesting powers were still in the same, proportion, namely 6°5 mm., 7°2 mm. If the 
trypsin produced by the activation of the juice had had any activating power on the fresh 
juice, the digestive power of the first specimen should have been at least ten times as 
great as that of the specimen treated with the enterokinase alone. 


We must conclude, therefore, that trypsin has no activating influence 
whatever on trypsinogen, and that the only substance capable of 
converting trypsinogen into trypsin is the enterokinase found in the 
small intestine. We hope to return in a future paper to the considera- 
tion of Vernon’s results on pancreatic extracts, and the explanation — 
of the reason of the apparent discrepancy between the behaviour of 
trypsinogen in a gland extract, and that of os as contained in 
the fresh —— juice. 


SOURCE OF ENTEROKINASE. 


We have already mentioned the view put forward by the French 
school—Delezenne, Metchnikoff! and others—that enterokinase is 
merely one of the class of cytases, and that it is formed in the 
leucocytes in the body generally, both in the blood as well as in those 


‘of the mucous membrane of the alimentary canal. Delezenne’ states 


that active enterokinase can be obtained from blood leucocytes, from 
lymphatic glands, and especially from Peyer's patches, and regards 
the source in the intestine as the leucocytes of the mucous membrane, 
especially of the Peyer’s patches. He ascribes the solution of blood 
fibrin by fresh juice to the presence in the fibrin of a trace of 
enterokinase derived from disintegration of blood leucocytes. We have 
repeated the experiments of Delezenne very many times, but are quite 
at a loss to account for his conclusions. Although fibrin obtained from 
blood does dissolve in fresh pancreatic juice, it does not lend to this 
juice any increased proteolytic power. When the solution is complete 
the mixture is as unable to digest boiled white of egg or gelatin as it 
was before the addition of the fibrin. With fibrin derived from the 
slaughter-house it may be possible sometimes to observe a slight 
activating influence, but the activity of enterokinase is so great 
(0001 c.c. of an active extract will activate 5 c.c. of pancreatic juice 


1 L'Immunité dans les maladies infectieuses, Paris, 1901, p. 65. 
2 C, R. Soc. de Biologie, 1902, p. 282. 
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in 2 to $ days) that the slightest contamination with intestinal contents, 
such as may occur from the hands of the slaughter-man, will suffice to 
impart an activating power to almost any tissue or fluid. Extracts 
made in various ways from lymphatic glands, either of the abdomen or 
of the neck, are absolutely -without influence on. the pancreatic juice. 
Moreover, the distribution of the enterokinase in the intestine does not 
lend any support to the view that it is derived from the leucocytes of 
the intestine. In the following experiments we give the results of 
attempts made to activate pancreatic juice by various extracts of the 
intestine and lymphatic = 


pancreatic juice. 


The extracts were made by rubbing up weighed portions of the tissues in ten times 
their weight of toluol water. The mixtures were then left for 20 hrs. at room temperature, | 
and the next day were filtered and the filtrate added to an equal bulk of fresh juice, and 
gelatin tubes added. All the vessels and instruments used were previously carefully 
sterilised, 

20 hrs. 40 hrs. 


a. Juice + first scraping duodenum (mucus and epithelium) - 7mm. all 
b. +8econd scraping duodenum (epithelium and leucocytes) 6. ,, 
» + first scraping lower six inches ileum 
d. »» + Peyer’s patches from which the epithelium had been 
scra 0 08 
»» +abdominal lymphatic glands 0 0 


Wes with NaF, the rest of the experiment 
being carried out as before. 

The following extracts had no activating influence even after 40 hrs., viz. cervical 
lymphatic glands, abdominal lymphatic glands, spleen, liver. 


The following gave positive results : | 
Digestion after 17 hrs. Digestion after 40 hrs. 
First ing duodenum 3 mm, all 
YT, (i.e. more than 12) 
Second scraping duodenum mm. 
First scraping ileum 05 ,, 
Peyer’s patches (with epithelium) 3 ” all 
Diluted and filtered succus entericus from 
duodenum all 
Ditto from ileum | all 


It will be seen that in the intestine the greatest activating power is 
possessed by the succus entericus. Next in order come the solutions 
made by extracting the first scraping of the mucous membrane, #.¢. the 
scraping which contains chiefly epithelial cells, together with the 
mucus adhering to the walls of the intestine. Here again there is a 
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difference between different parts of the gut, the extract from the 
scraping from the duodenum being usually more potent than a similar 
extract made from the lower end of the ileum. If the intestine after 
the first scraping be washed under the tap and then scraped again, 
an extract of this second scraping is almost without effect on pancreatic 
juice. This preponderating presence in the succus entericus is in 
distinct. contrast to the distribution of secretin, and leads us to 
believe not only that the leucocytes are absolutely free from entero- 
kinase, but also that in all probability the enterokinase does not — 
exist preformed in the epithelial cells, as does prosecretin, but that it is 
first formed as the result of a secretory activity of these cells. We thus 
arrive at the conclusion that enterokinase is perfectly specific in its 
distribution, and in its action. Its sole action is the transformation of 
trypsinogen into trypsin, and it is formed only in that portion of the 
body where this effect can be of use to the organism. Moreover, it is 
the only substance which has any activating effect on pancreatic juice. 
The results obtained by the French school are probably due, in part at 


‘any rate, to the fact that pancreatic juice contains two substances, 


namely, a weak proteolytic ferment similar to erepsin, which is 
preformed, and a body, trypsinogen, which is without effect on proteids, 
but which can be converted by enterokinase into the most active 


proteolytic ferment known. 


PREPARATION AND PROPERTIES OF ENTEROKINASE. 


We have found that the best method of preparing enterokinase 
is to lightly scrape with the handle of a scalpel the upper part of the 
mucous membrane of the small intestine, to digest the scrapings with 
chloroform water for a couple of days, and then to filter the mixture 
first through paper, and then through a Berkefeldt filter. The resulting 
solution is perfectly clear, contains a certain amount of coagulable 
proteid, and will retain its activity at the room temperature for many 
months, Although so stable at room temperature it is very rapidly 
destroyed at 35° to 40°C. Thus, in one experiment 5 c.c. of pancreatic 
juice was treated with 1c.c. of enterokinase solution which had been 
kept. at 40°C. for 24 hours, Another specimen of juice was treated 
with the ordinary solution of enterokinase not heated, and gelatine tubes 
were placed in each, At the end of 20 hours only 1 mm. of gelatin 
was digested in the juice with the warmed enterokinase, while in the 
other specimen of juice 10°25 mm. were digested, In this respect the 
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enterokiriase - resembles trypsin itself, which, as shown by Vernon, 


is extremely rapidly destroyed at a temperature of 35° to 40°C. 


It has been stated by Stassano et Billon’ that the enterokinase 
in extracts of intestinal mucous membrane is bound up, if not identical, 
with the nucleo-proteids. This statement we have not been able 
to confirm. Thus, in one experiment the watery extract of mucous 
membrane was precipitated with acetic acid, and the nucleo-proteid was 
extracted with alkaline solution. It only dissolved to a slight extent. 
The insoluble part was suspended in a weak solution of sodium fluoride. 


_ Three specimens of pancreatic juice were then treated with (1) 1 c.c. 


of the acid solution free from nucleo-proteid, (2) a suspension of insoluble 
nucleo-proteid, (3) with the alkaline extract of nucleo-proteid; and 
gelatine tubes were added to each. The digestion at the end of 
20 hours was 9mm. in the case of (1), 7°5mm. in the case of (2), and 


only 1°5 in the case of (3), 1.e. the acid solution free from the greater 
part of its nucleo-proteid had preserved the greater part of the 


enterokinase, 

The enterokinase solution is rendered inactive by heating for 
5 minutes at 65°C., and is robbed of the greater part of its activity 
by similarly heating to 60°C. As indicated above, it has an extraordi- 
nary power of influencing the pancreatic juice. In one experiment 
00001 c.c. of an extract made with chloroform water, and containing 
1°/, of total solids, chiefly proteids, was able to activate 5c.c. of 
pancreatic juice in 3 days. This great activity of enterokinase renders 
it important in experiments on the subject to take special precautions 
as regards cleanliness of vessels and instruments used, since the slightest 
contamination with intestinal contents or mucous membrane may 
introduce sufficient enterokinase to cause activation of an inactive 


THE DETERMINATION OF THE TRYPTIC POWER OF PANCREATIC JUICE, 


A number of researches have been made by the Pawlow school 
on the proteolytic activity of pancreatic juice secreted under various 


‘conditions. In these researches advantage was taken of the “law 


of squares” enunciated by Schiitz and Borissow, according to which 
the amount of substance—egg albumen or gelatin—dissolved in a given 
time varies according to the square root of the amount of ferment 
present. Delezenne has shown that in all these cases the slight 


1 G, R. Soc. de Biol: 1902, p. 623. 
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amount of trypsin present was due to the fact that the juice was 
contaminated with varying proportions of enterokinase as it flowed over 


the mucous membrane in the fistula. The fact that these two factors, — 


enterokinase and trypsinogen, are both involved in the tryptic power 


of the secreted pancreatic juice, renders it almost impossible to 


determine accurately the amount of trypsinogen in a given specimen 
of juice. If we are dealing with pure solutions of trypsin, the law 
of squares is sufficiently accurate for practical purposes, especially if the 
observation be confined to a short period of time, and be carried out 
on gelatin tubes at the temperature of the room, so as to avoid 
a too-rapid auto-destruction of the ferment. The following are the 
results which we obtained with — of Griibler’s trypsin. 


Relation of ferment ackices io amount of ferment. 
(Trypsin = strong solution of Griibler’s trypsin in 1°/, NaF.) 


24 hrs. 48 hrs. 
a. 20c.c. 1°), NaF +0°1 o.c, trypsin ‘9 mm. 17 mm. 
b. ” » ,, 18 83 
, +1946 .,, 80 ,, 
d. , +6406. ,, 40 ,, 


The approximation to the theoretical figures required by the “law” 
is only a rough one, and it is evident that the complexity of the 
processes involved, especially the auto-destruction accompanying the 
activity of the ferment, must deter us from making any general 
conclusions from the figures obtained. 

When, however, we are dealing with fresh pancreatic juice, to. which 
we add enterokinase, the process becomes much too complex for easy 
determination of the ferment activity. We have at least 4 processes 
going on, the conversion of trypsinogen into trypsin, an effect of the 
trypsin so produced on the proteid molecule, an auto-destruction of 
enterokinase, and an auto-destruction of the trypsin. Although it is 
of great importance that we should have some means of estimating the 
total amount of trypsinogen present in any given specimen of juice, 
especially if we are to repeat Walther’s experiments on the adaptation 
of the gland to the diet, we have been unable, so far, to hit upon any 
condition of experiments which will give us any numerical expression 
for the trypsinogen present. A strong solution of trypsinogen when 


treated with a fair amount, say }, of an enterokinase solution will digest 


more rapidly than a weak solution; but beyond this we cannot go. 


_ We thought that pny we might get some err between 
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the amount of ferment and tryptic power if we added a very large excess 
of enterokinase. Thus, in one experiment 5 c.c. of enterokinase were 
treated with ‘lec., 4c.c., and 16c.c. of juice, The resulting digestion 
at the end of 20 hours was represented by 6, 8'2, and 10 mm. of gelatin. 
It is possible that if the experiment had been of shorter duration 
we might have obtained results more in accordance with the law of 
squares, since a similar experiment made with egg-albumen at 40°C. 
gave as results of digestion ‘5, 1, and 15 mm., #.e. the proportions 
required by the law of squares. It is certain, however, that any 
experiments on the proteolytic power of a juice which are conducted 
in the absence of a very large excess of enterokinase must be absolutely 
worthless so far as regards any indications they may give of the amonnt 


_ of trypsinogen present. 


CONCLUSIONS. 


1. Under no circumstances does the pancreatic juice, as secreted, 
contain trypsin. | 

2.. Fresh pancreatic juice contains trypsinogen, and a weak 
proteolytic ferment resembling somewhat erepsin. This latter will 
digest fresh fibrin, or caseinogen, but has no influence on — 
proteid or on gelatin. 

3. Trypsinogen is a stable body, only slowly altered by tendiie 
in alkaline or acid solutions. It is converted into trypsin by the action 
of enterokinase. No other substance can effect this conversion. 

4, Trypsin is not an expression for two bodies, enterokinase and 
trypsinogen acting together, but is a third substance produced as 


‘a result of the interaction of those two bodies, i.e, enterokinase acts 


on trypsinogen like a ferment (Pawlow) and converts it into trypsin. - 

5. Trypsin is extremely unstable, and is rapidly destroyed, 
especially in alkaline media, and at the body temperature (cp. Vernon). 
This auto-destruction is greatly retarded by the presence of dissolved 
proteids or peptones. 

6. Enterokinase is a product of secretion of the small intestine, 
and mainly of its upper end, but of no other parts of the body. It is 
not found in blood fibrin, lymphatic glands, or leucocytes. 

7. The smallest trace of enterokinase will convert a large quantity 
of trypsinogen into trypsin if sufficient time be allowed. It is stable 
in watery solutions at 15°C., but is rapidly destroyed at 40° C. 
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- THE PRODUCTS OF THE PROTEOLYTIC ACTION 


OF AN ENZYME CONTAINED IN THE CELLS 
OF THE KIDNEY. By H. D. DAKIN, 1851 — 
Research Scholar. (One. Figure in Text.) 


(From the Department of Pathological Chemistry, Jenner 
_ Institute, London.) 


THE presence of proteolytic enzymes in the cells of the kidney has 
recently been shown by Hedin and Rowland”. The most vigorous 
action was found to occur in a faintly acid medium, as is the case 
with similar enzymes found in the liver, spleen, cardiac muscle, and 


lymphatic glands, although enzymes capable of acting in a slightly 


alkaline solution were also present. The present paper is an account 
of the investigation of the products formed by the enzyme or enzymes 
acting in acid solution. 

Preparation of Digested The kidneys were 
ground up with an equal weight of sand in the special apparatus 
devised by Rowland. In the first experiments the juice was expressed 
from the ground mass by means of a press. The clear fluid containing 
the enzyme and large quantities of coagulable proteid was rendered 
faintly acid by the addition of 0:2 per cent. of acetic acid, and digestion 
allowed to proceed in closed bottles at 36° C. in the prea of toluene 
and of chloroform. | 

_ Subsequently the use of the press was abandoned, one reason for the 
change being that it appeared probable that substances were retained in 
the press-cake which it was desirable to have in solution. The ground 
mass was therefore simply stirred up with water containing the requisite 
amount of acetic acid and after a certain time the whole was filtered and 
the clear fluid set aside to digest. It was found that if the ground mass 
were allowed to remain too long in contact with the fluid, digestion was 
checked and did not proceed at all rapidly on subsequent filtration. ‘The 
most favourable results were ‘obtained when the ground kidneys were 
stirred up with about 3 volumes of 0°2°/, acetic acid and the solution 
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filtered after three to four days’ at 37°. fluid was 
then set aside to digest as before. . 

whichever method the was wae fouind 
| that a considerable quantity of dark-coloured precipitate separated after 
a few days. This substance, which was of 
was examined separately. | 

In all cases the solution at. die: of ditetion 
small quantity of coagulable proteid, but. albumoses and peptones were 
practically absent. The tryptophane reaction with bromine water was 
obtained usually on the second and third day of digestion. ‘Within 
certain limits the reaction became more -intense as digestion proceeded, 
but after a time the intensity of the coloration diminished, and ‘finally 


no reaction was obtained at all. _ Before the-examination of the soluble. 


products of digestion was with nuclein and 


‘SEPARATION OF THE SOLUBLE PRODUCTS OF ‘DIGESTION. 


After preliminary experiments had hone made a systematic examin- 
ation of the products from séveral litres of fluid was made scconting to 
the following scheme. i 

(a) Precipitation with mercuric in acid ‘The. 
precipitate contained cystine, xanthine bases, indol derivatives, which in 
some cases gave the tryptophane reaction, and some histidine. _ 

(b) The fluid from (a) after removal of mercury salts was precipi- 
tated with phosphotungstic ‘acid in presence of sulphuric acid. “The 
precipitate contaitied’ the hexone bases together with ammonium and 
potassium phosphotungstates. 

(c) After removing phosphotungstie and sulphuric acid from the 
filtrate from (b) the solution was concentrated, and after separation of 
tyrosine the monamino acids were converted into their “— esters and | 
these fractionally distilled in vacuo. 

(d) Special examinations in separate portions of the diseased juice | 
were made for substances (e.g. a thiolactic acid) wand as would ‘not’ be 
included i in the-above scheme. 

Precipitation with mercuric sulphate. The digested freed 
nial and coagulable proteid was precipitated in hot 5 per’ cent. 
sulphuric acid solution with a considerable excess of mercuric sulphate, 
according to the method used by Hopkins and Cole fur the separation 
of tryptophane. After standing for two days the precipitate was filtered 
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off and washed with weak acid mercuric sulphate solution. The bulky 
yellow precipitate, suspended in water containing a little sulphuric 
acid, was decomposed by repeated treatment with sulphuretted hydrogen. 
The united filtrates were exactly freed from sulphuric acid by means 
of baryta and then slowly concentrated with occasional additions of 
alcohol. On allowing the still fairly dilute solution to stand crystallisa- 
tion took place. The crystals were found to consist of xanthine bases — 
together with a small quantity of cystine. The crystals were washed 
with hot dilute alcohol and then dissolved in weak ammonia and slowly 
crystallised. 

The cystine was identified by the characteristic hexagonal plates in 
which it crystallised, and also by the reaction with alkaline lead acetate 
solution. As it was only present in very small amount it was not found 
possible to separate it in pure form for analysis. The xanthine bases 
were purified by repeated crystallisation from weak ammonia. Guanine 
and xanthine were shown to be absent by the fact that no characteristic 
result was obtained on applying Weidel’s or the nitric acid tests, and _ 
also by the ready solubility of the base in ammonia. 

The substance which crystallised with some difficulty in dense 
aggregation of needles gave well crystallised salts with hydrochloric, 
sulphuric, nitric, and picric acids. The analysis of the hydrochloride 
— with hypoxanthine hydrochloride. 


C,H,N,0 HC1H,0 
Analysis. *1451 grw. gave NH, = 04242 grm. N=29°2%,N 294°, 
1015 = 0654 grm. AqCl=18-4°/, Cl 18-6°/, 


The mother liquor from which the hypoxanthine and cystine had been 
separated was further concentrated. A syrupy solution was obtained, 
which evolved indol on fusion with caustic potash, and which always 
gave the Adamkiewicz reaction strongly and also the tryptophane reaction, 
provided the original digestion had not proceeded too far. No crystalline 
substance could be isolated however such as Hopkins and Cole™ J.c., 
obtained from the tryptic digestion products of casein. Bases preci- 
pitable by phosphotungstic acid were also present in agreement with the 
statement of Kossel and Patten that histidine is precipitated by 
mercuric sulphate in acid solution. Since histidine was separated 
independently the bases on in this — were not further 
examined, 
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Precipitation with phosphotungstic acid. The filtrate from the 
substances precipitated by mercuric sulphate was freed from mercury by 
means of sulphuretted hydrogen and after filtering the excess of gas was 
removed. The hot solution which still contained about 5 per cent. of — 
sulphuric acid was then precipitated with phosphotungstic acid in the usual 
way. After standing some time the bulky precipitate was filtered off and 
the filtrate reserved for the separation of the monamino acids, The preci- 
pitate which contained the hexone bases, potassium and ammonium salts, 
and possibly a little phenylalanine, was suspended in water and decom- 
posed by a slight excess of baryta. Ammonia was evolved in 
considerable amount, but the question of the formation of ammonia as a 
product of the enzyme action was investigated separately. After removal 
by filtration of the barium phosphotungstate the hexone bases were 
practically precipitated with silver nitrate according to the methods of 
K ossel and Kiitscher®. 

The histidine fraction was decomposed in the usual way with 
sulphuretted hydrogen, and the filtrate from the silver sulphide, which 
contained no xanthine bases, was exactly freed from sulphuric acid by — 
means of baryta, and the clear solution concentrated with addition of 
hydrochloric acid. Absolute alcuhol was gradually added and the 
crystals which slowly separated in small quantity were recrystallised 
from alcohol. | 


| 
Analysis. ‘0919 grm. subst. gave 0614 grm. = 16°5°/, Cl 16° 6-94), 


The silver precipitate containing any arginine present was decomposed in 
the usual way but neither by the basic silver salt method nor by the 
use of copper salt could any arginine be separated. Examinations of 
solutions which had been obtained by the action of the enzyme for short 
as well as long periods in all cases failed to detect arginine, and the absence 
of this substance would appear to be somewhat remarkable. 

The filtrate from the second silver precipitate was treated with 
sulphuric acid and sulphuretted hydrogen, in order to remove silver and 
barium salts respectively. The bases remaining in solution were again 
thrown down with phosphotungstic acid and the precipitate decomposed 
by means of baryta as before. The small excess of baryta was removed 
by means of a current of carbon dioxide. An excess of alcoholic picric 
acid solution was then added to the concentrated solution of the bases, 
and the resulting picrates of lysine and potassium were separated by 
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converting them into their chlorides and separating the lysin hydro- 


chloride by means of boiling methyl alcohol. 


The yield of lysine was very considerable, After recrystallisation — 
from absolute alcohol it was obtained in well-defined prisms. . 
| Analysis. ‘1728 grm. gave NH, = 0224 grm. N = 12°9°/, 
C,H. N, 0,2HC1 requires N = 12°8°/, 


Separation of the monamino acids. The filtrate from the precipita- 
tion of the hexone bases was freed from phosphotungstic and sulphuric 
acids by means of baryta. The slight excess of the latter was exactly 
removed as sulphate and the solution then concentrated. A considerable 
quantity of nearly pure tyrosine crystallised out from the still fairly 
dilute solution. It was purified by dissolving in hot dilute ammonia, 


decolorising with charcoal and crystallising. 


— ‘1031 grm. gave -2252 grm. CO, and 0551 grm. H,O 


0825, NH, = = 00637 grm. N 


Caleulated for 
C,H,,0,N Found 


Carbon 59-7 596 
Hydrogen 59 


The optical rotation was observed in 4 per cent. Sedibsillsns acid 


solution. 


= — 12°7. 


This agrees well with the number ( — 12°56) obtained by E. Fischer® as 


against — 15°6 obtained by Schulze. 


The amino acids after the removal of the tyrosine were atntell 
into their ethyl esters and separated according to the methods worked 
out by Fischer” for the separation of the amino acids — from 


the hydrolysis of proteids. 


The solution was concentrated on the water-bath and successive 
crops of impure leucine, ete. filtered off and dried. The mother liquor 
was finally evaporated and dried as completely as possible under greatly 
reduced pressure. The mixture of amino acids, both from mother 
liquor and from the solid separated portions, was esterified by adding 
a large quantity of absolute alcohol, warming to dissolve the acids and 
then saturating in the cold with dry hydrochloric acid gas. After 
standing some time the liquid was heated under a reflex condenser and 
then evaporated at a low temperature under diminished pressure. The 
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residue was twice again treated with alcohol and hydrochloric acid. 
On adding a crystal of the hydrochloride of glycocol ethyl ester to the. 
alcoholic, solution of the mixed ester hydrochlorides and allowing. the 
mixture to stand over-night no crystallisation occurred, pointing to 
the absence of any quantity of glycocol ester, which is easily thrown 
down in this way. The residue, obtained by evaporation under low 
pressure, was dissolved in small amount of water. The free esters were 
liberated by means of caustic soda and were extracted by means of ether, 
after saturation of the solution with potassium carbonate. The ethereal 
solution was dried with sodium sulphate and the esters fractionated 
under a pressure of 8—9 mm. The following fractions were collected. 


Temperature Weight | Containing 
40° 15°5 grms. Acetic ester, ether and alcohol 
40— 60° Alanine (aminobutyric 1) esters 
~ 60—80° 2288 ,, a amino isovaleric, leucine, a ite geo 


80—100° 305, 
- Fraction boiling below 40°. This fraction contained no amino acids, 
but contained alcohol, ether and ethyl acetate, the latter doubtless 
being derived from the acetic acid added at the commencement of ot 
enzyme digestion. 

Fraction boiling 40°—60°. The esters were hydrolysed o boiling 
with 8 parts of water under a reflex condenser, until the alkaline 
reaction of the ester had disappeared. On concentrating the solution 
crystals were deposited which in the crude state melted at approximately 
285°. This melting point pointed to the probable absence of glycocol, 
which melts at 236°, and this conclusion was confirmed by analysis and 
by the ferric chloride reaction. The crude substance contained 143 
per cent. of nitrogen, whereas alanine requires 15°7. It would therefore 
appear that higher amino acids, possibly amino-butyric acids, were present 
in addition. On repeated crystullisation from dilute alcohol alanine 
was obtained in colourless needles. 


On Analysis, +1062 grm. gave grm. CO, H,O 
0474. 00741 grm. 


Calculated for 
Found 
Carbon 40-4 40°1 
Hydrogen 77 78 


Nitrogen 156 
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. Owing to the low optical rotation of the free acid the alanine was 
converted into its more active hydrochloride. The salt was purified by 
dissolving in alcohol and precipitating with ether. It was dried at 100°. 
c=1365 a=+1°2°. 
Hence [a]p* = +'8. 


This number is in close agreement with the rotation of the alanine — 
hydrochloride obtained by Fischer from the products of the acid 
hydrolysis of proteids, and represents a mixture of about 8 per cent. of 
the inactive acid with the active substance. 

Fraction boiling at 60°—80°. This fraction was hydrolysed with 
water as before, and after complete hydrolysis the solution was evapo- 
rated and the crystalline mass extracted with absolute alcohol, The 
alcoholic solution was reserved and subsequently added to the similar 
solution from the next higher boiling fraction. The crystalline residue 
of amino acids was next fractionally crystallised from dilute spirit. 
Each crop of crystals was analysed, so that the separation of the 
mixture could be followed. Excluding a very small amount of acid 
which was left in the mother liquor and which apparently was mainly 
alanine, seven crops of crystals were obtained containing 10°7, 10°9, 11°0, 
11°65, 11°7, 12°1, 13°6 per cent. of nitrogen. The larger fractions were 
those that gave numbers approximating to the 12-0 per cent. of nitrogen 
required by amino-valeric acid. The more insoluble portions contained 
much leucine, which has 10°7 per cent. of nitrogen. By combining 
similar fractions and re-crystallising a fair separation of leucine and 
amino-valeric acid was attained. A small quantity of the most soluble 
portion gave results on analysis which indicated that it might possibly 
be amino-butyric acid; but as the quantity was very small and a 
mixture of alanine and amino-valeric acid would give the same results 
on combustion, it was impossible to settle the point definitely. 

_ Amino-isovaleric acid was separated in the form of colourless rosettes 
of prisms, and its rotation agreed with the product obtained by Fischer 
by the hydrolysis of horn and which he identified as the tso-acid. 


Analysis. *1072 grm. gave 2015 grm. CO, and -0884 grm. H,O 
0644 ,, NH,=-00782 grm. N 
Calculated for 


C,H,,0,N Found 
Carbon 51:3 51-3 
Hydrogen 9-2 


Nitrogen 120 12:1 
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The optical rotation was taken in 20 per-cent. hydrochloric acid. 

c= 4485 gram. a=1°14". 

Hence = + 25°4. 

The acid obtained from horn had a rotation of +259, and both 
numbers appear to represent a product containing about 10 per cent. of 
inactive acid. Schulze and Winterstein® found +279 to + 282 
for amino-valeric acid which had been obtained without previous con- 
version into its ester. | | : 

The fractions containing the lower percentages of nitrogen, on 

_ repeated crystallisation gave large amounts-of leucine. The rotation of 
the various preparations varied considerably. The highest value obtained 
was [a]p”° = 18°7° in 20 per cent. hydrochloric acid (c = 3°890, / = 1 dm. 
a=°73°) which is close to the number obtained by Fischer and 
Dorpinghaus for the leucine from horn, whilst another preparation 
had as low a rotation as + 13°5° (c = 3°845, 1 = 1 dm, a= + ‘52). 
_ Fraction boiling at 80—100°. This fraction was hydrolysed with 
water, and after complete hydrolysis the solution was evaporated to 
dryness and extracted with absolute alcohol. The insoluble residue was 
repeatedly crystallised from dilute spirit and gave a large quantity ot 
pure leucine together with a little amino-valeric acid. The alcoholic 
extract together with that from the lower boiling fraction were 
concentrated and the residue again treated with alcohol. By repeating 
this treatment two or three times a further quantity of leucine was 
separated. On cooling the alcoholic solution a pasty mass of yellowish 
crystal separated. The acid was next converted into the copper salt by 
boiling the dilute aqueous solution with freshly precipitated copper 
oxide, The solution was. then cuncentrated and crystallised. On 
re-crystallisation blue prisms of the copper salt of a pyrrolidine carb- 
oxylic acid separated in small quantity. . | 


On Analysis. *1160 grm. salt dried at 110° gave ‘0320 grm. CuO 


‘0588 »  NH,=-0056 grm. N 
x 
Found 
Copper 21-7 22:0 
Nitrogen 96 9°5 


A portion of the copper salt was extracted with: absolute alcohol to 
separate the active from the racemic salt. The amount of the active 
salt was too small however to purify satisfactorily and the rotation of 
the mixed acids showed that the product was largely racemised. — 
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Fraction boiling 100—135°.. This fraction hydrolysed with 20 grams 
of baryta dissolved in 50 c¢.c. of water. The solution, after hydrolysis 
was completed, was allowed to stand for some time in order that any 
inactive barium aspartate might crystallise out. The insoluble residue 


_ was decomposed exactly with sulphuric acid, but on concentrating no 


separation of aspartic acid took place, and on subsequently evaporating 
to complete dryness only a few milligrams of oily residue remained, 
which did not crystallise on standing. The absence of aspartic acid was 
confirmed, by working up separate portions of the digestion products in 
the way used by Leathes™ in the case of the products from the spleen, 
and also by the methods of Kossel and Kiitscher (loc. cit.). 

The solution containing the soluble barium salts was treated with 
the exact amount of sulphuric acid necessary to liberate the free acids. 
On concentrating crystals were deposited which were dried and analysed. 
The numbers obtained on combustion of the substance approximated 
to those required by phenylalanine. The substance was purified by 
repeated crystallisation and also by converting it into a crystalline 
hydrochloride by saturation of the solution with hydrochloric acid gas. 
The free acid was recovered from the hydrochloride by evaporation | 
with a little weak ammonia, the ammonium chloride being removed by 
—— the residue with a little cold water. 

' The crystals finally obtained gave the characteristic smell of heist 
acetaldehyde on oxidation with chromic and sulphuric acids, and Sew 
reaalte upon analysis agreeing with phenylalsnine. 


a Analysis, ‘0760 grm. gave NH, = ‘00635 grm. N = =8-4°/, N 
3 _ requires 85°) N 
i it appeared probable that other substances were present in this 
fraction of the esters—possibly glutamic acid—but the amount was 
too small to admit of further eee. 


EXaMination OF THE Propucts oF DIGESTION. 


The nuclein precipitates which had separated during the course 
of digestion were collected and washed free from acetic acid. The 
residue was then heated with 5 per cent, sulphuric acid. The 
filtrate contained no xanthine bases, but reduced Fehling’s solution. 
The solution on treatment with orcinol or phloroglucinol gave solutions 
which showed spectra characteristic of furfurol. Another portion of. 
the solution, after removal of sulphuric acid, gave a small quantity — 
of finely crystalline osazone on treatment with phenylhydrazine. It 
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therefore is concluded that the hydrolytic products ftom the nuclein 
contained either a pentose capable of yielding furfurol on treatment 
with acids, or glucuronic acid. The quantity of substance available 
was small, but the fact that after removal of sulphuric acid basic Iéad 
acetate produced no precipitate in presence of a trace of acetic acid, 
_ tends to the conclusion that glucuronic acid was absent. 


THE FORMATION OF AMMONIA DURING DIGESTION. 


Anmmonia is known to be produced during the digestion of proteids, 
and it was similarly found to be a product of the action of the intra- 
cellular enzyme of the kidney. A quantity of the kidney juice obtained 
by the use of the filter-press, as previously described, was set aside 
to digest under antiseptic conditions, and the ammonia estimated at 
intervals by the method of Nenzki and Zaleski™. Similar experi- 
ments were also made in which the fluid, before distillation with 
magnesia, was heated for one hour at 100° with half its volume of 
concentrated hydrochloric acid, in order to see if substances of the 
nature of acid amides (urea, etc.) were present or were being produced 

or decomposed. 

The results show, 

(a) That the quantity of free ammonia increases slowly during 
about two. months, 

(b) That an additional saiaihe of ammonia is obtained, by ineni 
ment with hydrochloric acid before distillation, and that this additional 
quantity of ammonia decreases in proportion as the total von ammonia 
increases. 

The seesite:s are shown on the accompanying curves, in which the 
ordinates represent inilligrams of ammonia per 100 c.c. iuiee, and the, 
abscisse the time of digestion in days. 

It is interesting to note that the formation of free ammonia and is 
the transference of ‘amide nitrogen’ into free ammonia are practically 
linear functions of the time, thus furnishing an additional example 
of an enzyme action, which like the action of diastase upon starch, and 
alcoholic fermentation, does not proceed according to the law of mass: 
action, presumably because of a combination between the enzyme and 
substance acted upon (H. Brown and Glendinning”). 

_ As previously stated neither arginine nor aspartic acid could bi 
found among the products of digestion. It was thought possible that: 
these two substances, which one would have expected to have been 
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present, were formed and subsequently decomposed, possibly with 
formation of ammonia. Experiments were therefore made, in which 
fresh kidney juice, with either sodium aspartate or arginine hydro- 
chloride, together with ‘2°/, acetic acid was set aside to digest. In no 


| 


50 | 60 


case did the ammonia increase to a greater extent than the control 
experiment, and at the close of the experiments both arginine and 
aspartic acid were found to be still present. The non-occurrence of 
arginine and aspartic acid is therefore probably not to be ascribed to 
the presence of an enzyme capable of decomposing the two substances. 
Thiolactic acid was specially sought for in a litre of the digested juice, 
by precipitation with mercuric acetate in alkaline solutiuns, according 
to the method of Friedmann™, The ethereal extract finally obtained 
contained only the smallest trace of sulphur and gave no characteristic 
— on addition of ferric chloride. 


CONCLUSIONS. 


The following substances have been identified as products of the 
action of the kidney enzyme acting in acid solution: Ammonia, alanine, 
a aminoisovaleric acid, leucine, a pyrrolidine carboxylic acid, phenyl- 
alanine, tyrosine, lysine, histidine, cystine, hypoxanthine, indol 
derivatives which in some cases gave the reactions of skatol-amido- 
acetic acid, together with an insoluble residue of paranuclein. 

In the main the products of the intracellular enzyme are identical 
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with those of the ordinary extracellular tryptic digestion of proteids, 
although arginine and aspartic acid were not formed in appreciable 
- quantity. In this connection it may be noted that whilst Leathes 
found both arginine and aspartic acid among the products of the intra- 
cellular enzymes. of the spleen, Kiitscher™ found both substances 
to be absent from the autolytic products of the thymus. 

The formation of ammonia as a product of the ferment action is 
what one would expect from the work of Dziergouski and Salaskin™, 
who found it to be »produced by both tryptic and peptic digestion of 
different proteids. In the present case the formation of ammonia 
extends over a period of about two months, and its amount, within this 
limit of time, is practically directly proportional to the time of digestion. 
The ammonia is not derived from the stable amino-acids, but from 
substances of the nature of acid amides decomposable: by hydrochloric 
acid, 

Several of the other substances found, such as alanine, a pyrrolidine 
carboxylic acid, and phenylalanine have only previously been found in 
isolated cases as products of proteolytic action, but with the improved 
methods due to Fischer they will no doubt be more frequently found 
in the future. 

The fact that although the tryptophane reaction was obtained early 
in the course of digestion, but could not be obtained after prolonged 
digestion, would appear to be of some interest. In all cases, whether 
the digestion products gave a positive reaction with bromine water 
or not, a substance precipitable by mercuric sulphate in acid solution 
and which gave indol on potash-fusion, and which gave the colour 
reaction with glyoxylic acid, was invariably present. It would therefore 
appear that skatol-amido-acetic acid (tryptophane) was primarily 
formed, and that by prolonged digestion it is converted into other 
substances which still respond to the glyoxylic acid reaction but give 
no reaction with bromine water. The action would appear to be 
confined to the side-chain of the skatol-amido-acetic acid, since the 
products of its decomposition still yield indol on fusion with potash, and 
moreover the glyoxylic acid reaction is given by some skatol and indol 
derivatives other than tryptophane. 

Neumeister has observed a similar disappearance of tryptophane 
from glycerin extracts of pancreas, but Hopkins and Cole™ consider 
that prolonged tryptic digestion does not affect tryptophane, and that 
its disappearance is to be ascribed either to the action of oxidases or 
to putrefaction. This view, however, would be hardly applicable to the 
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digestion carriéd out in the case of the kindey cane in acid solution 
and under antiseptic conditions. 

‘One other point, connected with the action of the kidney enzyme, 
is that of the absence of xanthine bases from the precipitated nucleio, 
with which presumably they were previously associated, and = 
presence amongst the soluble products of digestion. 

In conclusion, I wish to express my thanks for the seeps psietanes 
given me by Dr Hedin, in whose laboratory the work was carried out. 
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THE PARALYSIS OF NERVE CELLS AND NERVE 
ENDINGS WITH SPECIAL REFERENCE TO THE 
ALKALOID APOCODEINE. By W. E. DIXON, M.A., M.D. 
(Seventeen Figures in Text.) 


(From the Laboratory, Contry) 


CONTENTS. 


Effects depending on paralysis of nerve cells. 

Blood-pressure and circulation. 

Heart. 

Plain muscle, intestines, stomach, bladder. 

Superior cervical ganglion and cells of submaxillary gland. 
The action of apocodeine, nicotine and adrenalin on the central nervous system. 
Effects depending on paralysis of certain nerve endings. 

Motor nerve endings. 

Pupil. 

Vaso-motor nerve endings. 

Nerve endings in the heart. 
Effects on the intact animal. 


Azocomeses 3 is an alkaloid dobtadaed with some difficulty by the dehydra- 
tion of codeine’ and it bears the same relationship to codeine that 
apomorphine bears to morphine. Very little is known concerning the 
action of this substance. Guinard?® asserted that unlike apomorphine 
it had no emetic properties but gave rise in mammalia to convulsions 
with a fall of temperature: the same author states that the heart and 
respiration are slowed. .Fréhner* found similar effects. Murrell‘ as 

a result of experiments on men suggested its use as an expectorant. 
Combemale® treated patients suffering from constipation with apoco- 


1 Matiessen and Burnside. Ann. Chem, Pharm. cuivmi. p. 131. 
? Guinard. Contrib. a Vétude physiol, de Vapocodeine. Lyon, 1893. 
*Fréhner. Monatsh. f. prac. Chem. tv. p. 6. 18938. 
4 Murrell. Brit. Med. Journ.1. p.1. 1891. 
5 Combemale. Semaine médicale, i. p. 422. 1900. 
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deine and found it to exert both a sedative and laxative effect. The 
writer? has advocated the use of this body for hypodermic injection as 
a purgative, especially i in those cases where there is reason to oeye 
that constipation is the result of nervous inhibition. 

The action of apocodeine may be conveniently divided into two 
stages :—(1) With moderate doses it paralyses nerve cells in much 
the same way as nicotine except that there is no initial stimulation. 


_ (2) With large doses it paralyses certain nerve endings, especially the 


vaso-motor nerve endings. 

The present experiments have been conducted on cats, dogs and 
rabbits and the effects obtained with all three are of the same character. 
Relatively larger doses are requisite in the cat and dog, but especially 
in the dog. Rabbits were anzsthetised with ether alone, cats and dogs 
with a mixture of ether and chloroform. In all cases, however, after 
the apocodeine had been administered no further anesthetic was 
necessary since this drug completely paralyses the brain. 

Blood-pressure was taken from the right carotid with a mercurial 
manometer, and injections were made into the left jugular vein. 


An ordinary induction coil worked by a dry cell was used for 


stimulation experiments, this gave a current of such strength that 
when the secondary coil was at 14 or 15 cms. it could just be felt with 
the electrodes on the tongue. The apocodeine was used as the hydro- 


_ chloride and was always made up as a 1°), solution in normal saline 
unless otherwise stated. 


Sevens DEPENDING ON PARALYSIS OF CERTAIN NERVE CELLS. 


The action of apocodeime on blood-pressure and its cause. 
When a small injection of apocodeine is made into the vein of an 
animal the blood-pressure slowly falls, but if the dose is large and 


_ rapidly injected the fall may be sudden. With small injections recovery 


is slow and with larger ones so slow that for experimental purposes the 
lower pressure may be regarded as permanent. In rabbits there is not 
uncommonly an initial slight rise before the fall. The blood-pressure 
can only be lowered to a certain fixed point, and after this level is 
reached further moderate injections of the drug either produce no effect 
or more usually produce a small temporary rise in pressure. This point 


is reached in the rabbit, cat and small dog after the intravenous injec- 


1 Dixon, Brit, Med. Journ. 1. p. 1245. 1902. 
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tion of 4—6, 7—10, and 10—20 c.c., of a 1°/, solution of apocodeine HCl 
respectively. 
This effect on blood-pressure is not influenced either by section of 
the two vagus nerves, or by the administration of atropine, but no fall 
of blood-pressure is obtained in animals in which the ganglia have been 
paralysed by the previous injection of nicotine, and the fall is only slight 
in animals in which the splanchnic nerves have been severed. It would 
therefore seem probable that the fall of blood-pressure is the result of 
vaso-dilatation due either to paralysis of the central nervous system or 
to the fact that apocodeine acts on sympathetic nerve cells somewhat in 
the same way as nicotine. 
| Vaso-dilatation is very evident on direct inspection of the mesentery 
of an animal after injection, and redness of the ears, nose, mouth, etc., 
is one of the most characteristic symptoms seen after a subcutaneous 
injection of the drug into the intact cat or dog. Oncometer experiments 
also demonstrate the dilatator effect, the particular viscus enclosed 
swells as the blood-pressure falls and the volume pulse is in each case 
correspondingly increased, (Fig. 1.) These oncometric results were 


Fig. 1. Dog. Morphine. ©. Respiration. Intes. vol. Blood-pressure. Vagi cut. 
Injection 2 ¢.c. 1%, apocodeine HCI into femoral vein. Time=secs. 
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ai shown both by the subcutaneous and intravenous injection of the drug. 
ae | In an experiment of the former type, one hour after the injection of 
ae 50 mgrs. a eine, the blood-pressure had fallen 50 mm. of Hg, and 
gre. P 
ie the oncometer-tracing recorded a considerable increase in volume. The 
hii fall of blood-pressure is therefore the result of vaso-dilatation. 
q ae _ Experiments were next made to determine whether the sympathetic 
| 4 ‘f nerve cells in the course of the vaso-motor nerve fibres were affected by 
Te this drug. In the rabbit this was done by isolating the left splanchnic 
| 4 nerve and the post-ganglionic fibres which run from the coeliac ganglia 
| ee to the coeliac artery. A ligature was placed round the splanchnic nerve 
4 
ut 
i 
ae Fig. 2. Rabbit. Urethane. Respiration and blood-pressure. A. Normal. B. One 
at hour after the subcutaneous injection of 0-05 grm. apocodeine. 
at which was tied and cut, The rise of blood-pressure on stimulating this 
’ q i nerve as well as on stimulating the post-ganglionic fibres was recorded. 
in The apocodeine was then injected into the jugular vein and after the 
aril, administration of 5 or 6 c.c, no effect could be obtained on stimulating 
i} i the splanchnic, whilst on excitation of the cceliac fibres an approxi- 
P| : mately normal result was still obtained, i.e. the nerve cells are paralysed 
at but the peripheral endings of the vaso-motor nerves are unaffected. 
| a This action then agrees with what Langley has already shown to occur 
al for nicotine. — 
| i Like nicotine therefore apocodeine abolishes the normal effect of 
| "! splanchnic stimulation because the nerve ganglia in the course of the 
Ht ‘fibres are paralysed. The action differs-from nicotine in that there is 
ai 
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no initial stimulation of these ganglion cells and the ee is of a 


Exp. 1. Rabbit. Ether. Left splanchine ted and cut, Ligatare placed round nerve 
fibres in course of coeliac artery. Stimulation in each case lasted 10 secs. © 
3.40 Stim. splanchnic. C.=10. Rise of B. P.=27 mm. Hg. 
3.44 ” splanchnic. 0.=10. = 25 
3.45—3.52 70 mgs. apocodeine HCl slowly injected ‘ote ‘Sewalar vein. Artificial respira- 
tion commenced. 
3.56 Stim. splanchnic. ©, =10 produces no effect on B. e.: 
3.58 ,, coliac, C.=10. Rise of B. P. 20mm. Hg. 
4.5 »» Solar ganglion. C.=10. No effect. 
4.15  ,, splanchnic. C.=5. No effect. 


A few experiments were also made in which the spinal cord was 
stimulated instead of the left splanchnic nerve. A typical experiment 
of this kind is illustrated in Fig. 3, in which the relative degree of the 


Fig. 8. Babble Blood-pressure, Bleck of eumulating the cord 
| after injection of apocodeine. (Exp. 2.) 


viii 6 with different amounts of apocodeine i is shown and also the 
_ very permanent character of the paralysis. 
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thoracic nerve. 
3.23 Stim. right lat. col. C. at 10=60 mm. rise in car. press. (Fig. 3a.) 


3.26 Inj. 1 ¢.c. apocodeine. = Slight rise followed by a fall of B. P. 
3.32 Stim. right lat.col. OC. at 10=40 mm. rise in car. press. (Fig. 3b.) 
3.35 Inj. 1 ¢.c. apocodeine, = Small fall of B. P. | 

3.88 Stim. right lat.col. C. at 10=30mm, risein B. P. (Fig. 3c.) 
3.42 Inj. apocodeine. = Small fall of B. P. Artificial respiration started. 
3.438 Stim. rightlat.col. OC. at 10=26 mm. rise in B. P. 

8.45 Inj. 1 c.c. apocodeine. = Very small fall of B. P. 

8.48 Stim. right lat.col. at 10=24mm, risein B.P. (Fig. 3d.) 

3.49 Inj. 1 ¢.c. apocodeine. = Little effect on B. P. 

8.52 Stim. right lat.col. C. at 10=21 mm. risein B. P. (Fig. 

3.55 Inj. 1c.c. apocodeine. = Slight temporary rise of B. P. 

4.0 Stim. right lat.col. C. at 10=Very little effect on B. P. (Fig. 3.) 
4.15 Stim. right lat.col. | C. at 10=No effect on B. P. 

4.25 Rep. C, at 5 =Nil. 


In the cat larger doses of apocodeine are necessary to prevent vaso- 
constriction on splanchnic stimulation. 


100 or 120 mgs. of the drug 


are sufficient to effect this purpose. An example is given in the fol- 
lowing experiment. 


_ Exp. 3. Cat. C.E. A loop of gut is enclosed in an air oncometer and connected to 
a recording tambour. The left splanchnic’ is tied and cut and a ligature placed round 
the coeliac nerves. Stimulation lasted for 10 seconds in each case. : 


2.10 
2.138 


2.15—2.20 


Stim. splanchnic. 
 copliac. 


C. at 10=marked vaso-constriction and 29 mm. rise B. P. 
C.at10= ,, 


116 of injeoted into the left jugular vein. Artificial respira- 


» 12mm. 


tion commenced. 
2.28 Stim. splanchnic. C. at 10=no effect on oncometer tracing and nil on B. P. - 


2.25 »  cooliac. C. at 10=marked vaso-constriction and 14 mm. rise B. P. 
2.30 ” splanchnic. C. at 10=nil. 
240 ,, C.at 5=nil. 
2.42 »  coliac. C. at 10= marked vaso-constriction and 14 mm. rise B. P. 


These experiments like those with the rabbit agree in the main with 
those of Langley’ made with nicotine and it is therefore obvious that 
an animal under the influence of apocodeine should give no reaction 
such as rise of blood-pressure and vaso-constriction to injections of 
nicotine, and this can readily be shown to be the case iu the rabbit, cat 
and dog. In all such animals after injections of even large doses of 
nicotine the blood-pressure remains unaltered whilst any change which 
occurs in the vessels is always on the side of dilatation. (Fig. 4.) 
Nevertheless, as Langley* has also shown to be the case after nicotine, 


1 This Journal, xx. p. 225. 1896. 


2 Ibid. xxvu. p. 253. 1901. 
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suprarenal extract still produces a big rise of blood-pressure. (Fig. 5.) 
These experiments then confirm the already accepted: statement that 


Fig. 4. Cat. C. E. Intestinal oncometer. Blood- -pressure. 0-10 grm. apocodeine 
previously given. Shows effect of injecting 3 c.c. of a 0°1 °/, solution of nicotine. 


. the great majority of the splanchnic vaso-motor fibres end in the 
ganglia of the solar plexus’,” 


Fig. 5. Same animal as in Fig. 4. Effect of an injection of 2¢.c. of «1 in 80,000 
solution of adrenalin. | 


Three experiments were performed on the cat with the object of 
determining the seat of stimulation of nicotine which results in the 
rise of blood-pressure. A small piece of gut near the stomach was 
enclosed in an oncometer and both splanchnic nerves were cut. An 
injection of nicotine was now given by the jugular vein. The blood- 


1 This Journal, xx. p. 244. 1896, 
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pressure rose and in two cases vaso-constriction was obtained in the 
enclosed intestine though not of a marked type. In one of these 
animals 9 c.c. of apocodeine was now administered and in the other the 
solar ganglion was painted with a 1 °/, solution of the drug. Subsequent 
injections of nicotine in both animals gave rise to no vaso-constriction, 
and in the first animal the blood-pressure did not rise. Some of the 
nicotine stimulation, resulting in the increase of blood-pressure, is there- 


fore probably produced in the solar and allied ganglia. 


It has already been mentioned that the blood-pressure, after mode- 
rate doses of apocodeine, only falls to a certain fixed point. That the 
blood-pressure can be safely made to fall considerably lower by vaso- 
dilatation is easy to show by the injection of a little nitrite, which as 
Brodie and I have recently proved acts directly on the involuntary 
muscles of the blood vessels. The vaso-dilatation of apocodeine differs 
from that produced by the nitrites and allied bodies not only in its 
mode of production but in its more gradual onset and its very permanent 
character. 

Asphyxial blood-pressure curves in animals in which the nerve cells 
are paralysed by apocodeine, show no rise of blood-pressure. The curve 
is generally very prolonged and shows a gradual fall, unbroken by 


‘Traube-Hering undulations. The whole production of the rise in 


blood-pressure is therefore central. This entirely negatives the hypo- 
thesis of Cybulski, who asserts that suprarenal secretion accumulates 
in asphyxia and causes the rise. 

Heart. After moderate injections of apocodeine the heart beats 
quicker. This increased rate is not produced if the vagi have been 
previously severed and is therefore due to the blocking of inhibitory 
impulses proceeding from the centre. After the administration of 
sufficient apocodeine to paralyse nerve cells stimulation of the peri- 
pheral end of a cut vagus gives rise to no slowing of the heart; never- 
theless, unless too much apocodeine has beeu given, the intracardiac 


inhibitory neuron appears to be intact since muscarine or pilocarpine, 


which act upon the extreme terminations of the inhibitory fibres in the 
heart muscle, can still slow the rhythm. Fig. 6. 

In a heart in which the inhibitory apparatus has been paralysed by 
atropine small injections of nicotine produce a considerable increase of 
the rate. This quickening has been generally ascribed to stimulation 
of some ganglion cells in the course of the accelerator nerves, but 
Wertheimer and Colas' found the acceleration was still present 

1 Archiv de Physiol. m1. p, 341. 1891. 
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even when these ganglia had been extirpated, and therefore concluded 
that the action must be, at least in part, on cardiac muscle or on the 


Fig. 6. Rabbit. 5 c.c. 1°/, apocodeine previously injected. At ‘A.’ the left vagus was 
stimulated. C.=5. At ‘B.’ an injection of 1¢.c. of a 0°5°/, pilocarpine solution was 
given. 


Fig. 7. Dog. Respiration. Blood-pressure. Animal previously given 0°08 grm. 
apocodeine. Excitation left vagus. C.=5. Chayne-Stokes respiration. 


terminations of the accelerator nerves. I find that after apocodeine the 
heart, which appears to beat in a normal condition, is not quickened by 
nicotine, and therefore believe that the whole action of small amounts 
of nicotine is through the excitation of the ganglion cells on the vagus 
and sympathetic. 

There is very little direct effect on the heart, but after the first few 
injections of the drug the output, as measured by the cardiometer, is 
slightly increased both per beat and per minute. The effect is insig- 
nificant and is probably accounted for by the altered physical conditions 
of the circulation. 

Respiration. The saiitialion is rapidly depressed after a brief 
stimulation. In the rabbit after an intravenous injection comparatively 
— little alteration occurs in the rate, but it becomes gradually more and 

more shallow and after about 50 mgs. ceases. The same result is 
obtained after section of the vagi. Fig. 2 shows the effect on 
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respiration after a subcutaneous injection. The depth is much 
diminished but the rate is considerably increased. As more of the 
drug was absorbed slowing developed. In the cat, in whatever way 
the drug is administered, the respiration rapidly becomes slower, and 
although it is at first considerably deeper than normal it soon becomes 
shallow and ultimately ceases. The-dog also shows the same effect but 
it is usual to get some inspiratory spasm during and immediately after 
injection of the drug; this effect is only temporary and quickly gives 
place to the ordinary result—slowing and shallowing. In the dog 
after a non-lethal dose of the alkaloid it is not uncommon to see 
Cheyne-Stokes respiration, an example of which is shown in Fig. 7. 
The cessation of respiration is due to paralysis of the medulla and this 
is the cause of death in the intact animal. The phrenic nerves at this 
stage are still effective. 

Action on plain muscle. (a) Intestwes. Apocodeine increases the 
tonus and peristaltic movements of the plain muscle in the alimentary 
canal. This can be readily observed by direct observation of the 
intestines while the drug is injected into the circulation, but more 
accurately by recording the movements of a balloon placed in the 
lumen of the gut. _ 

This effect on the alimentary canal is not~peculiar to apocodeine 
but may also be obtained by many of the alkaloids derived from opium, 


Intestinal movements. Biood-pressure. Injection of 
‘0-03 grm. apocodeine. 
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such for example as morphine, codeine, thebain, as well as with their 


derivatives, apomorphine, dionin, and heroin. None however produce so 
marked an effect as apocodeine, and subcutaneous injections of this 
substance both in the cat and dog induce purgation within a few 
minutes, and sometimes this is accompanied by marked tenesmus, 
whilst in man also the same effect may be induced by the subcutaneous 
administration of a few c.c, This is in contrast to morphine, which even 
when administered in toxic doses rarely induces purgation. With 
smaller amounts all these alkaloids produce constipation. There are 
two main theories which have been suggested to account for these 
facts. (1) That of Nothnagel, who suggested that the constipation, 
after small doses, was the result of stimulation of some inhibitory area 
in the cord ; in large doses he supposed this area to be paralysed and so 
the movements to be increased. This however is not likely to be the 
correct interpretation, since increased peristalsis may still be obtained 
even when the splanchnic and vagus nerves have been severed’. The 
second theory attributes the effect to the local mechanism in the 


intestinal wall. 


Neither of these theories will account for the effects of apocodeine. 
When the alkaloid is applied directly to the living mammalian gut the 
normal peristaltic movements cease and the bowel is paralysed. This 
effect cannot be on the muscle since it still responds to stimuli in a 
normal manner, and the direct application of a little barium at once 
throws it into local contraction rings. It may possibly be an effect on 
Auerbach’s plexus, and in support of this is the fact that pilocarpine is 
inactive when applied to this part of the gut whilst producing violent 
contractions if painted on other portions. The augmented peristaltic 
movements are not likely therefore to be of peripheral origin in the 
gut wall. 

The effect cannot be on the brain or medulla since it may be 
obtained almost equally well after section of the cord and vagi. After 
cutting the splanchnic nerves apocodeine still increases peristalsis, 
although not to the normal extent. It seems therefore probable that 
the paralysis of the sympathetic cells is again responsible for the 
entire effect. Just as nicotine produces an initial inhibition of all 
movements by stimulation of these cells so apocodeine increases the 
intestinal movements by removing all inhibitory influences. This of 
course assumes that the solar ganglionic cells exert some tonic inhi- 


Pal. Central. f. Physiol. p. 68. 
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bitory influence on the gut which ‘is removed by apocodeine. After 
these cells are paralysed by a suitable injection of apocodeine nicotine 
no longer produces inhibition of the intestinal movements but on the 
-eontrary augments the movements (Fig. 9). This must mean that 
nicotine has a further action besides the recognised effect on sympa- 
thetic ganglia, viz., a stimulant effect on the gut wall—either on the 


Fig. 9. Dog. Morphine. ©. E. Intestinal movements. Blood-pressure.. Animal 
already had 0°16 grm, apocodeine. Injection of 0-005 grm. nicotine. 


muscle or the nervous mechanism. Adrenalin produces after apocodeine 
a typical inhibition of intestinal movements, and pilocarpine augments — 
the peristaltic contractions. On atropinised animals apocodeine still 
produces increased peristaltic movements. 

In the dog the effect is not quite so simple as that already described 
_ in the cat, since when injected intravenously after an initial increase of 
peristalsis there is a short period of inhibition of the intestines. This 
inhibition is an effect on some structure more peripheral than the 
sympathetic ganglia and is probably on the nerve endings; it is 
analogous to the effect on the vaso-motor nerve endings already 
referred to. The inhibition is generally only seen after the first 
injection, and subsequent injections only produce augmentation of 
movements, One reason for asserting that the effect is on nerve 
endings is that after very large doses of apocodeine these endings are 
paralysed, so that such drugs as pilocarpine produce no augmentation 
of movement, whilst barium still throws the gut into contraction rings, — 

It will not be out of place here to consider how far this explanation 
of increased intestinal movements after apocodeine harmonises in the 
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case of the other alkaloids derived from opium. The four alkaloids 
(1) apocodeine, (2) apomorphine, (3) codeine, (4) morphine, all produce 
some purgation in dogs and cats, but the effect is much the greatest 
with apocodeine, less with apomorphine, still less with codeine, and 
least with morphine. That is, the action falls off in regular sequence. 
In the same way intestinal vaso-dilatation follows the same sequence, 
being much the greatest with apocodeine and least with morphine. 
Finally, in correlation with these facts we know that the relative 
powers of these alkaloids to paralyse all ganglia fall again into the 
same sequence, This was shown for the last three by Langley and 
Dickinson’, and I have confirmed their results. | 
It might be suggested that the increased movement was vascular in 
origin, but this is very improbable, and other drugs which produce 
considerable vaso-dilatation rather tend to diminish peristalsis. By far 
the most probable explanation to account for the augmented movements, 
which can be observed on injecting the opium alkaloids into animals, 
is the fact that the increased movements appear to be directly propor- 
tional to the effect of the drug on sympathetic nerve cells. : 
_ (b) Stomach. Apocodeine augments the normal movements of the 
stomach but the effect is relatively less than that in the intestines. | 
‘ Page May’, working with Starling, has recently made observations 
tending to show that the mammalian stomach is in the main innervated 
by the vagus and that the sympathetic has comparatively little if any 
effect on its movements. Adrenalin should therefore produce but little 
effect, but when the stomach is contracting automatically (Fig. 10) 
adrenalin produces inhibition of these movements, with however but 
little loss of tonus. The effect is quite decided although much less . 
defined than that on the intestines, where diminution of tonus is the 
most characteristic feature. It is conceivable that anzmia may be the 
cause of this inhibition, and May has shown that anemia does tend to 
diminish the automatic movements. I do not consider however that 
this explanation is the true one here, first on account of analogy with 
other organs, in the ‘bladder for example the same inhibition is obtained 
by adrenalin after the vaso-motor nerves have been paralysed: and | 
secondly because the inhibition monly persists after the vaso-constric- 
tion has disappeared. 
It is interesting to compare the effect of adrenalin on ye stomach 


1 This Journal, x1. p. 509. 1890. 


Page May. Brit. Med. Journ, u. 779. 1902, Cp. thi Journal, 
xxvm. p. 249, 1901. 
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of the frog and the mammal. In the former, in which the sympathetic. 
is the motor nerve, adrenalin produces contraction, whilst in the latter, 
in which the sympathetic is not motor but, probably contains some 
inhibitory fibres, the effect is inhibition. 


Fig. 10. Cat, Curare. C.E. Movements of stomach recorded by manometer method. 
The abdomen is open and the animal in a saline bath. Blood-pressure. Animal 
already had 0-015 grm. atropine and 0-08 grm. apocodeine. Injection of 4¢.c. 1 in 
80,000 adrenalin. 


Unlike most opium alkaloids and especially apomorphine, apocodeine 
does not induce vomiting. Nevertheless it increases the movements of — 
the stomach to a much greater degree than any of them, and this affords 
further proof of the central emetic action of these bodies. There is no 
evidence to show that the vomiting centre is stimulated by the drug, 
but on the contrary there seems to be evidence of a eric increasing 
depression of all medullary centres. 

' Bladder. To further exemplify this action on plain muscle one 
other organ, the bladder, will be considered. 

The. usual effect of intravenous injection of apocodeine on the 
bladder movements, recording by the manometer method, is to produce 
an immediate big contraction of the muscle, followed by a series of 
lesser but still augmented movements. The further gradual administra- 
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tion of the drug leads to paralysis of the ganglion cells apparently in 
much the same way as that produced by nicotine, and the automatic 
contractions, which may have been very irregular, are augmented and 
assume a very regular character. Thus, in a. cat after the administration 
of 140 mgs. of apocodeine, stimulation of the preganglionic nerves to 
the inferior mesenteric ganglion gave no bladder contractions although 
before injection stimulation gave a marked result. Stimulation of the 
hypogastrics still induced an unaltered contraction followed by a typical 
inhibition. Further, on painting the ganglia directly with 1 °/, warm 
apocodeine solution, the effect of stimulating the preganglionic fibres 
was largely but not entirely eliminated, 7.e. most but not all of these 
fibres end in ganglionic cells in the superior mesenteric ganglion’. — 
Again, when the nervus erigens is stimulated centrally to its first 

ganglion no contraction is induced after. the apocodeine has been 
administered ; stimulation lower down produces an effect which is 
gradually augmented as the electrodes are slowly moved more and 
more peripherally. All this agrees very closely with what has been 
previously noted for nicotine. 

The normal effect of nicotine on the bladder is to produce a strong 
contraction and subsequently a very considerable relaxation’. After 
the nerve cells have been paralysed by apocodeine, nicotine produces 
only a series of slightly augmented movements and the marked relaxation 
is completely absent. 

Apocodeine applied directly to the bladder produces no augmented 
contraction such as would be the case were the increased movements 
the result of stimulation of the nerve endings. As in the case of the 
alimentary canal therefore, it is probable that the augmented movements 
are the result of the paralysis of the nerve cells, and are exactly the 
reverse phenomena and produced in the reverse way to the relaxation 
of the bladder normally. observed after the injection of nicotine. 

The effect of adrenalin on the bladder remains uninfluenced. 

Action on certain other nerve cells. Apocodeine paralyses the nerve 
cells on the course of the secretory nerve fibres of the chorda tympani. 
This is most conveniently shown in a cat by injecting 100 or 120 mgs. 
of apocodeine into one jugular vein, when stimulation of the chorda 
causes no secretion. If however the electrodes are well pressed down 
into the hilus of the gland a secretion of saliva then follows. A small — 
injection of pilocarpine likewise gives a secretion of saliva, but little 


Langley and Anderson, This Journal, xm. p. 184. 1895-6. * Ibid. p. 
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if at all different from the normal. Some secretion can be obtained 
by injections of adrenalin. 


Exp. 4. Dog. A. C.E. ta wack isolated. 
chorda and cannula in submaxillary duct. Tracheotomy. 


11.0 Stimulation chorda 10 secs. C. at 10=large saitlale. 

11.5 Stimulation sympathetip 10 secs. C. at 10=small secretion saliva and typical 
pupillary effects. 

11.6—11.12 Injection 10 c¢.c. apocodeine. Considerable fall in blood-pressure and a small 
secretion of saliva coming on about 30 secs. after 1st injection. 

11.13 Stimulation chorda 10 secs. C.=10. Considerable secretion, but less than before. 

11.18 Stimulation sympathetic 10 secs. ©.=10. Very small secretion but typical 
pupillary effects. 

11,20—11.26 Injection 10 apocodeine. Further small fall in Arti- 

_ ficial respiration. 

11.85 Stimulation chorda 10 secs. ©C.=10. Nil. 

11.36 Stimulation chorda 10 secs. C.=5. Nil. 

11.40 Stimulation sympathetic 10 secs. C.=5. Nil on secretion of saliva and on pupil. 

11.48 Injection lc¢.c. (1 in 30,000) adrenalin = small secretion and a big rise in blood- 


pressure. 
11.50 Injection 1 c.c. (1°/,) pilocarpine nitrate=rise in blood-pressure. No cardiac 
inhibition but a very large secretion of saliva. — 


A number of experiments were performed on the superior cervical 
- ganglion of the sympathetic. Injections of apocodeine were found to 
paralyse this ganglion readily enough in the dog, cat, and rabbit, and 
a similar effect could be obtained by painting the ganglion directly 
with the drug. In no case, however, was any sign of stimulation first 
noted, such as is commonly the effect with nicotine. A sata experi- 
ment is the following: 


Exp. 5. Rabbit. Ether. Right cervical sympathetic cut. Both superior cervical 
ganglia exposed with as little damage as possible to vessels. Cannola in left jugular vein. 
Tracheotomy. 


10.30 Stimulation central sympathetic. C.=10 (shocks easily perceptible to tongue). 
Nictitating membrane moves back. Eye opens and pupil dilates. Ear vessels 
constrict markedly. 

10.35 Warm }°/, apocodeine HCl in normal saline solution applied on a brush to the* 

; ganglion. No effect of such application could be seen either on eye or vessels 
of ear. 

10.36 Stimulation sympathetic for 20 secs. C.=10. No effect on eye or vessels of ear. 

- 10.88 Stimulation sympathetic for 20 secs. C.=5. Nil. 

_ 10.40 Stimulation sympathetic for 20 secs, C.=5. Nil. 

10.41 Stimulation post-ganglionic fibres. 0.=10. Ear vessels constrict completely. 
Eye opens and pupil dilates. | 

10.45 Post-ganglionic fibres painted warm 1 Fs apocodeine HCl, 

10.47 post-ganglionic fibres. ©.=10. Pupil dilates and ear 

 eonstrict. The constriction of vessels is not so marked as before, 
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10.50 Stimulation cervical sympathetic. C,=10. Nil. Tie and cut left sympathetic, 
11.2 Stimulation left sympathetic. C.=10. Eye opens. Pupil dilates. Ear vessels 
constrict. | 
11.5 2¢.¢. of a 1°/, solution of warm apocodeine HCl slowly injected into the jugular 
vein 


11.10 Stimulation left sympathetic. C.=10. Dilatation of pupil, constriction of ear 
vessels, 


11.12 Injection of 2¢.c. 1°/, apocodeine HCl. Artificial respiration commenced. 

11.16 Stimulation left sympathetic. C.=10. Slight effect on pupil but ener effect 
on ear vessels. 

11.18 Injection of 2¢.c, apocodeine. 

11.22 Stimulation left sympathetic. ©.=10. No effect on eye or ear. 

11.25 Stimulation left sympathetic. ©O.=10. Nil. 

11.25 Stimulation left sympathetic. ©C.=65. Nil. 

11.26 Stimulation superior cervical ganglion directly. Nil. 

11.27 Stimulation post-ganglionic fibres. ©.=10. Typical effect on pupil and ear 


From this experiment, which is also typical of what occurs in the 
cat, it is evident that these ganglia are easily paralysed by either the 
direct application of apocodeine or by its injection into a vessel in small 
amounts, and that the paralysis is not preceded by a stage of stimula- 
tion. The effect on nerve fibres is insignificant compared with that 
on nerve cells. In all these experiments care was taken to preserve 
the circulation to the ganglia as intact as possible. 

: For local application the best strength to use is a 1°/, solution. 
0°5 °/, solution will produce paralysis, but a 0°1°/, solution whilst dimin- 
ishing the effect of stimulation, does not effect complete paralysis. 

In experiment 4 it will be seen that the injection of apocodeine 
results in a slight secretion of saliva. Reasons will be given later for 
showing that this is eer an effect on nerve endings. 


NERVE CELLS pas CENTRAL NERVOUS SYSTEM. 


Like the other derivatives of opium, apocodeine produces effects on 
the central nervous system which appear to be a strange mixture of 
depression and stimulation. With small doses the action is very similar 
to that of morphine, and is characterised by decided depression of the 
brain. Cats, dogs, and men all show this sedative effect, with the disin- 
clination to move and tendency to sleep. This sedative effect on cata is 
not obtained with morphine, but there is initial excitement and the 
animal is in a continual state of movement. In froys the first effect 
of injecting apocodeine is marked depression, in which stage the animal 
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lies in any position in which it is - placed, and the reflexes are slightly 
diminished, 


_-. With larger doses in all animals the reflexes are gradually increased, 


and in the cat and frog actual strychnine-like convulsions are produced, 
this again is characteristic of the opium derivatives. — 

How: is one to explain a depression followed by a stimulation? 
It is easy enough, of course, to explain the reverse, and so absolutely 
constant is this reverse effect, that a law may be enunciated that “all 
convulsive poisons possess ansesthetic and paralysing action when the 
convulsive dose is exceeded.” The following experiments were per- 
formed with the object of determining how these effects are produced. 

The origin of the convulsions may be most conveniently examined 
in the frog. If a subcutaneous injection of apocodeine be made in this 
animal the first effect, as already mentioned, is a diminution in reflexes 
followed by a marked increase, and still later by strychnine-like con- 
vulsions,. The convulsions are markedly reflex, and indeed do not 
occur if the frog is bathed in a solution of cocaine. They are still 
present in the decapitated animal but cease as the cord is destroyed 
from above downwards, . 

A number of experiments were performed on the exposed ‘cord 
of frogs. The animal was decapitated just posterior to the cerebreal 
hemispheres by a strong and sharp pair of scissors. It was then com- 
pletely eviscerated, the sternum being cut through in the middle line 
and special care being taken not to injure the spinal nerves. The 
‘upper portion of the cord was next exposed on the ventral surface, from 


the medulla to the second spinal nerve. Very great care is needed 


in doing this to avoid pressure or injury to the cord. The condition 
of the reflexes from the upper and lower limbs having been determined, 
a 4°/, solution of apocodeine is applied with a fine brush to the exposed 
portion of the cord, and the reflexes again periodically tested. At first 
those obtained by pinching the skin of one fore limb appear to be 
somewhat diminished, but they soon become decidedly increased, whilst 


those obtained by pinching the hind limb remain unaltered. In — 


a later stage of the same experiment, stimulation of a fore limb will 
produce an exaggerated reflex affecting all the muscles of the body, 
whilst a similar stimulation of a hind limb still only gives a nermal 
reflex: in one case no amount of stimulation applied directly to a hind 
limb resulted in anything but the feeblest of movements, whilst the 
stimulation of a fore limb resulted in immediate and brisk movements 


of both hind limbs. These exaggerated reflexes may become so de- 
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veloped as to be almost convulsive, but this is rare. The stage of 
exaggerated reflexes is a short one, and is followed by a complete 
absence of reflexes of the fore limbs. These experiments agree in 
essentials with those already described for strychnine. The conclusion 
to be drawn is that, since a semi-convulsion can be produced in the 
hind limbs by stimulation of the fore, although the motor nerve cells 
to the former are quite healthy as shown by the normal reflexes pro- 
duced by direct excitation of a hind limb, the affection is not one 
of anterior root cell but of some nervous structure between the entrance — 
of the posterior nerve into the cord and its communication with the 
motor cells. In other words, so little resistance is placed in the way 
of the sensory impulse when a fore limb is stimulated that it spreads 
out and affects all motor cells throughout the body. 

It has been already shown that the motor cells in the medulla are 
rapidly depressed by apocodeine, and one would a priori therefore 
expect a similar effect to occur in the cord, and this may possibly 
be the cause of the diminished reflexes first seen, and the ultimate 
complete paralysis. 

This effect is in some contrast to that of a RO which when 
applied to the cord in the same manner affects the reflexes mainly 
locally, 2.¢., it increases those of the fore limb only. Thus a slight 
stimulation of the fore limb ten minutes after such an application 


results in an exaggeration movement of the same limb, lasting some- 


times ten or fifteen seconds, whilst stimulation of the hind limbs 
produces only. a normal reflex. In some cases there has been a later 
increase of reflexes in the lower limb, but the semi-convulsions observed 
with apocodeine are never developed. This action is then most 
probably on the motor side of the cord and not the sensory, as it is 
possibly the result of a hyper-excitability of the motor nerve cells or 
the nerve endings going to them. 

A few experiments of a similar nature were ‘scteiias with nicotine. 
Langley’ obtained positive results by the direct application of nicotine 
to the cord of the skate, but not of the anwsthetised mammal. He 
says’, “Nicotine is a strong stimulant, direct or indirect, of the motor 
nerve cells of the bulb and spinal cord”: the twitching of muscles so 
produced was purely local. In my experiments I find that a 01°/, 
solution applied to the frog’s cord, as already described, produces 


‘immediate twitchings of the muscles of the fore limb and sternum. 


aes Langley. This Journal, xxvn. p. 233. 1901. 
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These twitchings are of an irregular kind, they do not affect all the 
musclés equally, and the effect so produced is one in no way comparable 
to the clonic convulsions of strychnine. They are probably produced 
by the direct effect on motor nerve cells because, (1) they are not reflex, 
(2) they are localised only to that portion of the cord affected, (3) all 
the muscles are not equally affected. This stage of automatic move- 
ment is*soon over and is associated with a very short stage of increased 
reflexes, which is not easy to observe. The reflexes gradually disappear, 
those in the fore limb going first, and those in the hind limb only 
disappearing as the result of post mortem changes. The fact that 
nicotine excites the anterior root cells is some evidence of their ultimate 
paralysis, and hence the diminution of reflexes. But it is possible that 
besides this effect on the motor nerve cells there is some increased 
resistance on the sensory side, because stimulation of a sensory nerve 
from a fore limb gives no reflexes in a hind limb, which one would 
expect were the are normal. 


PARALYSIS OF CERTAIN NERVE ENDINGS. 


Motor. In the cat, dog or rabbit the motor nerve endings to 
_ voluntary muscle can be paralysed without much difficulty. In the 
rabbit and cat this is quite easy to accomplish but relatively larger 
doses are required in the dog. The same effect cannot be accomplished 
with the frog; this animal is particularly tolerant to the action of mor- 
phine and its derivatives and the subcutaneous injection of 0°02 grm. 
apocodeine has but little effect on the contraction of the gastrocnemius 
when the sciatic nerve is stimulated. This effect is not so very 
uncommon; it is seen with other substances, such for example as 
colchicine, which is very toxic to mammalia but almost inert to the 
frog. When the colchicine is oxidised it produces the characteristic 
effect in the frog and mammal alike. 

Cessation of respiration after apocodeine is the immediate result of 
medullary paralysis and is not due to paralysis of the phrenics and 
intercostal nerves, Paralysis of nerve cells always precedes the paralysis 
of the motor nerve endings. It is generally advisable however, in 
experiments in which an absence of all movement is essential, to 
administer curare and not to rely on the apocodeine to produce the 
curare effect, because animals show a considerable degree of idiosyncrasy, 
and in one animal, a cat, I was quite unable to produce the paralysis 
even though very large amounts of the drug were administered. An 
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ACTION OF APOCODEINE. 117 
additional reason for the employment of curare, especially when the cat 


is used, is that apocodeine, like other morphine derivatives, produces 


reflex convulsive spasms which although generally not of a very marked 
character in a few cases may simulate strychnine convulsions. 

Action on pupil. As already shown apocodeine dilates the pupil in 
the dog and cat even after comparatively small doses. In this respect 
it behaves like most other narcotics, the dilatation being the result of 
the diminished tonic influences passing down the third nerve ; the effect 
is not obtained by instilling the drug directly into the eye. It is easily 
shown that small amounts of apocodeine paralyse the-lenticular and 
superior cervical ganglia, and this action is completed just before the 
medulla is paralysed. The pupil is never dilated to the maximum, and 
post-ganglionic sympathetic excitation always results in a further dilata- 
tion whilst pilocarpine still produces constriction. 

In an anesthetised cat it is further possible to administer sufficient 
apocodeine to paralyse not only the nerve endings of the third, so that 
stimulating the motor oculi peripherally to the ciliary ganglion is 
without effect, but also the sympathetic nerve endings so ities post- - 
ganglionic stimulation of these fibres has no action. 

Apocodeine then vbviously belongs, in regard to pharmacological 
action, to the same group as conine, nicotine, curare, and strychnine. 
All these drugs resemble one another in that they give rise in animals 
to convulsions which are spinal in origin. It is true that after curare — 
they are not usually seen since the motor paralysis is so rapidly attained, 
but if the drug is injected into one of the veins of the cord they are 


_ typically produced. 


All of them ultimately paralyse motor nerve endings to voluntary 
muscle : this action is of course most pronounced with curare and least 
with strychnine. The paralysis with strychnine is somewhat difficult 
to show in mammalia but is readily enough obtained in frogs: the effect 
is a real paralysis and not the result of exhaustion. 

They all affect sympathetic nerve cells, this action being most 
pronounced with apocodeine and nicotine and least with strychnine. 
Conine and nicotine produce marked stimulation of the cells before 


paralysis. Curare and strychnine and apocodeine produce a decided 


stimulation of the vaso-motor nerve endings, but this is not the case 
with conine and nicotine. Apocodeine in large quantities paralyses 
these same endings in the living animal. 

Vaso-motor. When the sympathetic ganglia have been completely 
paralysed by apocodeine, small additional injections of the drug instead 
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of producing: a further fall of blood-pressure not unfrequently produce 
a slight rise. Since the output from the heart, as measured by the 
cardiometer, seems rather to be diminished than increased by these 
injections, it appears probable that the rise of blood-pressure is due to 
the stimulation of some nervous mechanism more peripheral than the 
sympathetic ganglia. That vaso-constriction is responsible for this rise 
of pressure was demonstrated in two ways, (1) by oncometric experi- 
ments, using a delicate recorder, when constriction was always found 
associated with a rise in pressure, (2) by perfusing the hind limbs of a 
cat with the drug, when the first effect in each case was a constriction. 
This fact suggested the use of very large injections of apocodeine with 
the idea of ascertaining if these endings could be paralysed. For this 
purpose the cat was employed; a loop of gut was placed in an onco- 
meter and ligatures put under the left splanchnic and the post-ganglionic 
fibres from the solar ganglion. The effect. of weak stimulation of the 
pre- and post-ganglionic fibres having been recorded the apocodeine was 
slowly injected into the femoral vein 2 or 3 cc. at atime. After the 
injection of from 8 to 10 cc., the pre-ganglionic fibres were found to 
be paralysed as shown by the absence of rise in blood-pressure and 
vaso-constriction on excitation, whilst stimulation of the post-ganglionic 
fibres still produced the typical rise in blood-pressure and constriction 
of the intestinal vessels. During the further administration of the 
drug the effects of periodical excitations of the post-ganglionic fibres 
were recorded, and it was found that after 25 c.c. no effect could be 
obtained even by a very strong stimulation of these fibres. Either 
therefore the vaso-constrictor peripheral mechanism has been paralysed 
or the muscle has been rendered inactive. The latter explanation is 
not however likely, because other plain muscle in the body may readily 
be induced to contract by suitable stimulation, and for the further and 
conclusive reason that some drugs, such for example as an isotonic solu- 
tion of barium chloride, will still produce a very marked constriction of 
these vessels. An experiment of this type is given. 


in an oncometer. Blood-pressure from right carotid. Left splanchnic tied and cut and a 
ligature placed round the post-ganglionic fibres on the course of the vessels. (Fig. 11.) 


10.15 . Stim. of left splanch. C.=5. =Rise in B. P. and marked vaso-constrict. 
| of the vessels of the gut. 
10.20—10.25 80.c. 1°/, apocodeine inj. = Marked fall in B. P. 
left jug. vein, 
10.27 Stim. of left splanch. ©.=5. =No effect on B. P. and no vaso-constrict. 


‘et 
4 
4 
Per’ 
1 
; 
; 
i 
? 
4 
fF 
A 
4 
é 
y 
i 
= 
a 
| 
q 
y 
< 
on 
a 
Bare 
‘ = x 


10.29 


10 .38 


ACTION OF APOCODEINE. 


C.=8. 


Stim. post-gang. _ fibres. 
(Fig. 11a.) 
es 35 Inj. of 6c.c. apocodeine into 
jug. vein. 
Stim. post-gang. fibres. 
(Fig. 11 6.) 
6¢.c. apocodeine HCl. 


10.50 


10.62 
10.55 


10.57 
11.0 


11.8 
11.5 


10.40 


Stim. post-gang. fibres. 
(Fig. 11 ¢.) 

2¢.c; apocodeine HCl. 

Stim. post-gang. fibres. 
(Fig. 

2c.c. apocodeine HCl. 

Stim. nig fibres. 
(Fig. 11 ¢.) 


C.=5. 


Stim. post-gang. fibres. C. 4 
Inj. 2c.c, adrenalin (1 in 10,000) 


into left jug. vein. 


“Fig. 11. Cat. Curare. C.E. Intestinal volume. Time=sees. 
(For details see Exp. 6.) 
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= Rise in B. P. 28mm, and marked vaso- 
constric. of vessels. (I. 0.) 

= Little effect on B. P. 

= Rise in B, P. 14mm. and vaso- 
constric. though less than before. 

=No alteration of B. P. 

=light rise in B. P. 8mm., 
constric. 

= Slight cardiac slowing. 

= Very slight rise in B. P. Gm. and very 
slight 

= Nil. 

=No alteration in B. P. and no vaso-con- 
strict. 

= Nil on B. P, and vessels. 

=Small rise in B. P. 20 mm. and vaso- 
dilatation. (Before apocodeine B. P. rose 
180 mm, with a quarter this injection.) — 
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_ Further injections of apocodeine removed the last effect of adrenalin. 


The administration of suprarenal extract to an animal in which the 


vaso-motor nerves have been paralysed produces neither vaso-constric- 


tion nor any rise in blood-pressure, and this fact must afford evidence — 


that the action of this drug is on nerve and not muscle. A simple 
method by which this effect of suprarenal extract may be demonstrated 
is as follows:—A cat is prepared to record blood-pressure and the 
volume of a small loop of gut. A very small injection of suprarenal is 
administered intravenously and vaso-constriction with rise in blood- 
pressure ensue in. the typical manner. The gut in the oncometer is 
now surrounded with some warm 1 °/, apocodeine solution and a second 
and larger injection of adrenalin administered. The result is different ; 


the blood-pressure rises as before but there is no vaso-constriction in 


the enclosed loop, the vessels behave purely passively, apparently 
because the vaso-motor nerves have been paralysed. (Figs. 12, 13.) 


Fig. 12, Cat. Urethane. Intestinal oucometer. Blood-pressure. Injection 1 c.c. 
1 in 30,000 adrenalin. Time=secs, 
Fig. 13. Same animal. Intestines in oncometer covered with a 1°/, apocodeine solution. 
Injection of 2c.c. 1 in 30,000 adrenalin. 


In a similar way it may be shown that the vaso-motor nerves to the | 


limb are paralysed by apocodeine. For this purpose the cat may also 
conveniently be employed. The sciatic nerve is dissected out on one 
side, tied and cut, and an oncometer fitted on to the same limb. For 
reasons already explained it is advisable to administer curare before 


injecting the apocodeine. Records of the effect of stimulating the 


sciatic nerve are periodically taken. As the drug is injected so the 
amount of constriction with each excitation diminishes until a stage is 
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reached, after about 0°26 grm. have been administered, when stimula- 
tion ceases to give any constriction. The onset of this ‘stage is also 
characterised by the fact that suprarenal extract gives no rise in blood- 
pressure. Nevertheless it is commonly found that when excitation of a 
vaso-motor nerve no longer produces a constriction a big injection of 


adrenalin may yet produce some small rise in blood-pressure (see 


Fig. 11) and to eliminate this last effect sometimes quite big additional 
doses of apocodeine must be given. If the drug is pushed however a 
stage is always reached in which suprarenal is inactive and barium 
gives a rise in blood-pressure. In Fig. 14 the effect of barium on limb 
vessels is shown. The blood was almost entirely in the abdomen pre- 
viously, but now the splanchnic vessels are more constricted the heart 
beats more vigorously and the limb vessels are seen to undergo great 
dilatation. 


Fig. 14, Dog. Limb oncometer. Blood-pressure. Animal has had 0-6 grm. apocodeine. 
There is complete paralysis of motor nerve endings. The effect of injecting 1 c.c. 
isotonic solution of BaOl,. (Adrenalin had no effect.) 


Bladder, Intestine, etc. Four attempts were made to paralyse the 
hypogastric nerves going to this organ but unsuccessfully. After 40 cc. 
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of the drug. the bladder movements showed a normal record on hypo- 
gastric: stimulation, that is there was an initial powerful contraction 
followed by some inhibition. Adrenalin injected into an animal in such 
a condition whilst producing no effect on the blood-pressure or meee 
nevertheless inhibits the movements of the bladder. 

Although the sympathetic nerve endings to the bladder cannot be 
paralysed there can be little doubt that those to the gut are paralysed. 
The whole of the intestines are quiescent as regards peristaltic move- 
ments, and neither injections of pilocarpine nor adrenalin produce any 
effect but the administration of barium at once sets up violent contrac- 
tion rings (not peristalsis). This is a condition quite different from 


that of the bladder, On this organ pilocarpine still produces augmented. 


contractions and adrenalin, as already shown, gives marked inhibition. 


The antagonism between dpocodeine on the one hand and pilo- | 


carpine and adrenalin on the other appears then to result entirely from 
their opposing actions on different tissues, because those nerve endings 
which apocodeine does not paralyse, pilocarpine and adrenalin still 
affect. This of course is in contrast to the antagonism between pilo- 


carpine and atropine. Atropine is antagonistic to pilocarpine as regards 


every structure of the body. To take one example only :—Pilocarpine 
constricts vessels by stimulating peripheral nerve endings and atropine 
dilates the same’; atropine however does not paralyse these nerve 
endings, nor, as far as one can tell, affect them in any way. Therefore 
the antagonism between these two, pilocarpine and atropine, is rather 
one between themselves than one the result of opposite effects on the 
same tissue. 

Nerve endings in the heart. Soon sas the intra-cardiac ganglia 
have been paralysed, the vagal nerve endings in the heart also become 
_ paralysed. This is shown in mammalia by the fact that bodies such 
as muscarine, pilocarpine and digitalis which stimulate these endings 
in the ordinary course of events, will not do so after the animal has 
received a sufficient amount of apocodeine. 

The sympathetic fibres are also affected after large injections of the 
drug. If apocodeine is slowly injected into the vein of a cat, after 
about 60 or 70 mgrs, have been given the intra-cardiac ganglia are 
paralysed. Very soon afterwards when the dose reaches 100 or 120 
mgrs. the vagal nerve endings are also completely paralysed. These 
effects are of course associated with an increased rate of beat. If now 


1 T, C, Brodie and myself have shown this-by artificial perfusion through the vessels. 
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the dose is further increased the heart-beat becomes gradually. slower 


until, after from 250 to 300 mgrs. of the drug have been administered; 
it beats very much more slowly but, especially in young animals, 
continues regular. It is at this stage that the accelerator nerves are 
found to be paralysed. It is much easier to produce this effect in the 
young animal (cats 6 to 8 months), because for some reason unknown 
the heart is much less affected than in the fully matured ; in.the former 


the slowing is not so marked and the animal continues in good con- — 


dition. In the fully matured animal, on the contrary, the sympathetic 
fibres apparently have a much more important function, for as soon as 
these approach the paralytic condition the heart gets dangerously slow 
and it becomes necessary to continue the administration of the apoco- 
deine very slowly. Fig. 15 shows such a condition, in which an 


Fig. 15. Cat, old. B, P. Animal has previously had 0°26 grm. apocodeine. Shows 
effect of injecting 4¢.c. 1°/, apocodeine. (The accelerators are not yet paralysed.) 
Time = secs. 

additional injection of $¢.c. apocodeine in an animal which bas already — 
had 26 ¢,c., produces the great slowing. The sudden injection of 2 or 
3 c.c. apocodeine in such an animal will certainly kill it, whilst in a less 
sensitive heart, «.¢e., with a younger animal in which the accelerators _ 
were nearly paralysed, it would have little or no effect. There is con- 


siderable idiosyncrasy in different animals in respect to this action. 


Experiments to show this effect are most conveniently performed 
on the cat. The animal being anzsthetised with either c.z. mixture 
or better urethane, the right carotid artery is fixed to the blood-pressure 
apparatus, and the left jugular vein is prepared for injections. Tracheo- 
tomy is now performed, the animal placed on its left side, and the 
upper three ribs removed, artificial respiration being commenced when 
required, The main group of accelerators, as they come off from the 
ganglion stellatum, is then found, and a ligature placed round it. 
Stimulation of these fibres, after the amounts of apocodeine mentioned 
have been administered, fails to produce any acceleration or augmenta- 
tion of the heart, although both these effects might be readily obtained 
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before the apocodeine was given. Since nerve fibres are not affected 
by the drug the facts will hardly admit of other interpretation than 
@ paralysis of the endings. This effect is shown in Fig. 16. 

We are now in a position to test the action of various drugs which 
produce acceleration of the normal-heart. Two of these, adrenalin and 
caffeine, will be considered in detail. When they are injected into the 
mamnialian circulation both of these produce some acceleration, and 


Fig. 16. Cat. Curare. ©. H. A. Shows the effect of stimulating the main group of 
accelerators from the ganglion stellatum. C.=10. 3B. Shows the effect of stimula- 
tion after an injection of 0°25 grm. apocodeine. Time = sees | 


the acceleration may still be obtained when the drug is artificially 
_ perfused through the heart outside the body by the method of S 
Langendorff. The action must be therefore in each case, either one | F 
on cardiac muscle, or one on the accelerator nerve terminals. | ; 
The effect of suprarenal extract on the heart has been investigated 
by many observers, Oliver and Schafer’, Gottlieb’, Hedbom’, 
Cleghorn* and others. In mammalia if the vagi have been first 
| 1 Oliver and Schafer. This Journal, xvm. p. 230. 
2 Gottlieb. Skand. Arch. f. Physiol. vu. p. 147. 1898. 


Hedbom. Schmiedeberg Archiv, xxxvuu. p. 99. 
Cleghorn, Amer. Journ. Physiol. 1. p. 283. 1899. 
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| pr with atropine this effect consists of (1) augmented systole, 


so that the output per beat is increased, and (2) acceleration. Both 
of these effects of adrenalin may be obliterated by the gradual injection 
of large amounts of apocodeine. For example, in a cat }c.c. of a 1 in 
30,000 solution increased the heart rate from 192 to 211 per minute. 
After the injection of 100 mgrs. of apocodeine the same injection of 


adrenalin now only increased the rate from 93 to 101 per minute. A 


further injection of 200 mgrs. of apocodeine was then administered, and 
caused the rate of the heart to diminish to 87 per minute. Adrenalin 
even in large doses now produced no acceleration, indeed, in the experi- 
ment quoted, any alteration in rate was rather on the side of slowing. 
Other experiments with the cardiometer also failed to show augmenta- 
tion of the systole after apocodeine, and one must therefore conclude 
that the whole effect of suprarenal on the heart i is a stimulation of the 
sympathetic nerve endings. : 

It is well known that after an intravenous injection of adrenalin into 
an animal, vagal excitation produces a greatly diminished inhibition of 
the heart', and that the effect quickly passes off, the vagus assuming 
its normal control. This effect can be explained by the sympathetic 


_ stimulation; there are two antagonistic effects, electrical stimulation 


of the vagus and chemical stimulation of the accelerators. The 
diminished action of the vagus therefore under these conditions is 
probably not correctly described as paralysis. 

The action of caffeine presents a contrast. This drug in small 
amounts produces acceleration of the heart without other effect such 
as augmentation of the systole.’ Hedbom? found the heart was still 
accelerated by caffeine when it was being artificially perfused through 
the coronary arteries outside the body. The acceleration is independent 
of the inhibitory apparatus, for as many observers have shown it occurs 
after section of the vagi and the administration of atropine. The 
quickening, according to Cushny and van Naten’, is due to stimulation 
of the most excitable part of the heart, the so-called “ excito-motor 
apparatus,” and the effect of caffeine can be explained by them without 
appealing to any nervous structure. 

The experiments which I have performed with cats and rabbits 
confirm their views. A sufficiency of apocodeine was first administered 
to paralyse the nerve terminals and this stage was judged as reached 

1 Langley. This Journal, xxv. p. 245. 1901. 


* Hedbom. Skand. Arch. f. Physiol. rx. p. 1. 1899. 
* Cushny and van Naten. Arch. de Pharmacody. 1x. p. 169, 1901, 
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when small injections of adrenalin produced neither increase of blood- 
pressure nor acceleration of the heart. The caffeine citrate as a 2°/, 
solution was then slowly injected into the jugular vein, and in every 
case some acceleration was obtained without, however, influencing the 
blood-pressure: with larger amounts the heart went into fibrillary 
twitchings. Considerable quickening of the heart may also be obtained 
with such animals by the injection of big doses of aconitine. Both 
these two drugs therefore appear to act on the cardiac muscle directly. | 

It would. seem a@ priori probable that a drug which acted directly 
on the heart peripherally and produced pure acceleration without any 
augmentation of the heart's beat, would act on muscle and not nerve ; 
because it is not easy to conceive of a drug having so selective an effect 
as to pick out one set of motor fibres and leave others. This a priori 
reasoning agrees with the results given, 1.¢e. caffeine and aconitine, 
which produce acceleration without augmentation, act on muscle, whilst 
adrenalin, which produces both acceleration and augmentation, acts 
directly on the sympathetic nerve endings. : 

‘Physostigmine even in the largest doses produces no effect either 
on the rate of the heart, or on blood-pressure, and the whole action 
of this drug must be considered as essentially one on nerve endings. 

It may be noted here that the second stage (paralysis of nerve 
endings) of the apocodeine narcosis is not so clearly defined and limited 
as stage 1. As soon as stage 1 is reached, i.¢. the nerve cells are paralysed, 
nicotine produces no effect on blood-pressure vessels, etc., whilst adrenalin 
produces a practically normal result; the administration of too much 
apocodeine in this stage is of no importance. In stage 2 it is necessary 
to be more careful in just gauging the right amount of apocodeine ; 
if one has not administered quite enough, then adrenalin will still 
produce some result, whilst if one has given too much the muscle fibre 
may become partially affected, so that injections of barium will give 
but a poor result. It may be further noted that the difference in the 
latent time of a drug to produce plain muscular contraction apparently 
varies according as to whether the drug acts directly on muscle or on 
nerve. If it acts on nerve as is the case with adrenalin and pilocarpine, 
the latent period is short, and the length of increased contraction and 
tonus is also comparatively short, whereas if the drug acts on muscle 
as in the case of barium and digitalis, the latent period is longer but 
the increased contraction and tonus when once produced is of a very 
much more permanent character. These effects I have shown to occur 
in the frog as well as in the mammal. © | 
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ACTION OF APOCODEINE. 
‘Digitalis and barium are taken ‘as examples of drugs directly ‘affect- 


ing plain muscle.. Digitalis has long been recognised as having a direct 


action on cardiac muscle, an effect which Schmiedeberg regarded 
as being due to an increase in the elasticity. In these experiments the 
B-P. Tinct. Digitalis diluted with a little normal saline was injected 
directly into a vein very slowly, and in all experiments the. blood- 
pressure very gradually rose, the vessels constricted, the heart beat more 
rapidly, and the force of contraction increased". 

These effects must be ascribed to a direct action on muscle. The 


whole action of digitalis is of course not included in this effect, for 


when the same preparation is injected into the vein of a normal cat 
there is a considerable and immediate rise in blood-pressure which 
is probably the result of stimulation of vaso-motor nerve endings, and 
smaller doses are required to produce augmented systole of the heart. 


Control experiafents made with alcohol diluted with normal saline 


in the same proportion as they occur in the first ee ag negative 
result | 


Fig. 17. Rabbit. Ether. 0°15 grm. apocodeine. A. Injection of 1} ¢.c. Tin 10,000" 
adrenalin. B. Injection of 1¢.c. BaOl,. 


Barium also a very decided rise in when 
the vaso-motor and accelerator nerve endings are paralysed. The rise 
in blood-pressure is associated with vaso-constriction. and a quickening 
of the heart. The intestines generally. contract, but the effect is. not 
one of increased peristalsis. Localised contraction rings appear at 
various places, and the gut in these positions often remains contracted 
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for some minutes; these ‘slowly’ relax and fresh rings form in other 
=— Wherever there i is | _— muscle an increase of tonus can be 
observed. 

on INTACT ANTMALS. | 

ae As already mentioned frogs are very tolerant to all the 


opium alkaloids and their derivatives, no effects following injections 


which would produce decided symptoms in man. 15 mgrs, of apocodeine 
must be injected before a frog shows any decided symptoms. The 
action of the drug may be divided into three stages. In the first stage 
there is a diminution of spontaneous movement, the frog assumes 
a squat-like attitude and rests upon its abdomen, the fore limbs lying 
parallel to the body and the hind limbs being drawn up at right angles 
to its long axis so as to give no support to the animal. Movements are 
clumsy and ill co-ordinated and the power of preser¥ing equilibrium 
is lost. Respiration becomes slower and slower and stops about half- 
an-hour after the injection. 

The second stage, which rapidly follows the first, begins with 
increased reflex irritability, and culminates with typical strychnine-like 
convulsions, characterised by the tetanic contractions of the muscle 
and opisthotonus, which are interrupted by periods of quiescence and 
exhaustion. This condition slowly passes into the third stage of 
paralysis: the reflexes gradually disappear, and the muscles becpme 
flaccid. The paralysis is central in origin, since stimulation of a motor 
nerve of an animal in this stage gives an approximately normal con- | 
traction of muscle. The heart is always found beating. These stages 
closely resemble the three stages seen after morphine is injected except 
that with the latter drug the first stage is prolonged over several hours. 

Mammals, In mammalia symptoms are produced resembling those 


seen in the frog, they consist of a short stage of depression of voluntary 


movements followed by a stage of increased reflex irritability. 

Cat. If a subcutaneous injection of 20 or 30 mgrs. of apocodeine 
be made into a cat, the animal quickly becomes disinclined for all forms 
of. movement, it lies down and purrs incessantly. Fifteen or twenty 
minutes after injection it is still in the same quiescent state—in marked 
contrast to morphine, after which the animal runs about the room, or 
exhibits circus movements and is unable to remain still for a moment— 
but it shows distinct signs of vaso-dilatation, which is particularly 
evident from an examination of the nose, lips, and ears. Lethargy is 
the characteristic feature of this stage and the animal will lie in any 
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position in which it is placed. About this time the animal passes 
feeces and sometimes even tenesmus can be observed. 

In from 4 to } hour after injection a curious swelling of the face 
develops which sometimes reaches a very large size; it is especially well 
marked in the eyelids and cheeks, ears and lower lip, and is the result 
of edema. This effect, which is constant, is only produced in the face. 
Associated with it there is a tendency to erection of the hairs over the 
face area and back, but the erection is never very pronounced’. 

Still later there is a stage of increased reflexes and inco-ordination. 
The inco-ordination shows itself in “rocking movements” when the 
animal attempts to walk. In this condition the respiration is slower, 
and the pupils are widely dilated and inactive to light. 


Exp. 7. Cat. Weight 3:2 kilos. Respiration 130. 
9.58 3c.c. apocodeine HCl injected subcutaneously. 
10.10 Lethargic. Lying down. No attempt at moving. 
10.20 Passed feces twice. Very quiet, lying in any altten in which it is placed. 
Skin over nose and ears has assumed a bright pink tinge. | 
10.30 Some swelling noticeable in eyelids, cheeks, ears, and lower lip. 
10.45 The swelling of the face is now very marked and the animal is continually 
swallowing, licking its lips and rubbing its face. Respiration 60. 
11.15 Swelling and vaso-dilatation are still marked. There is a slight erection of the 
hairs over the face area and back. The reflexes are increased. 
11.40 Animal lying down quietly, and there is no attempt at movement. Swelling 
| beginning to disappear. Pupils widely dilated and do not react to light. 
Respiration 42. 
12.30 Swelling much diminished. Reflexes are now very markedly increased, the 
animal starting at slight noises. Inco-ordination tremors (rocking move- 
* ments) are present and are especially well seen if the animal attempts to walk. 
2.0 Pupils less dilated. Swelling almost disappeared, but the inco-ordination tremors 
are marked and there is still considerable vaso-dilatation. 


Dog. In the dog the symptoms are much the same as in the cat. 
There is the same vaso-dilatation and swelling of the face, which is even 
more marked than in the cat. A very decided erection of the hairs 
over the face area and back is produced. As in the cat there is also 
a rapid evacuation of the bowels without vomiting. : 


Exp. 8. Dog. Terrier. Weight 5 kilos. 


1.55 60 mers. of apocodeine HCl injected subcutaneously. 

2.0 Dog becomes very quiet. Lies down, Passed feces. 

2.13 Straining to pass faces, but passes only a little yellow mucus. 

2.18 Restless. Constantly walking about and rubbing its nose. Marked vaso-dilatation 
of skin especially well seen in the face, ears and nose. Face soon. becomes | 


1 Cp. Dixon. This Journal, xxv. p. 356. 1899—1900. 
PH. XXX. 
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markedly swollen and «edematous. The wdema is particularly well seen in 
the eyelids, ears and lips, the latter being so swollen as to protrude like those 
of a bull-dog,. 
, 25 gases dilated. Skin all over the body is intensely red. Reflexes increased. The 
: "hairs are erected on the face area, and on the middle line of the back to the 
shoulder-blades. Animal appears comfortable, remains quiet and is inclined 
| to sleep. 
2.40 Reflexes much iitaeatik: Erection of hairs and swelling are, if anything, more 
pronounced, Salivation. Inco-ordination during movement. | 
3.30 Marked salivation: Erection of hairs disappearing, but the swelling shows little 
alteration, Shivering. . Inco-ordination tremors. Vaso-dilatation going. 
5.0 All symptoms much less marked. — 


Of these effects on the intact animal it is only necessary to draw 
further attention to two. First the erection of hairs; this occurs in the 
typical positions, it is not particularly well marked and is no doubt the 
result of stimulation of the sympathetic nerve endings, analogous to the 
effects already described on the blood vessels and intestinal movements. 
The second effect is the edema of the face. It is a very remarkable 
thing that two such apparently different drugs as mezcaline and apoco- 


_ deine should both produce these two effects in spite of the fact that the 


former raises blood pressure and the latter lowers it. 
The first explanation with regard to the edema of apocodeine would 


naturally be that it was produced as a result of the great vaso-dilatation. 


But mezcaline does not dilate vessels, and drugs which markedly dilate 
vessels such as the nitrites do not produce edema. I defer to a future 
occasion the discussion on the mode of production of this edema. 


The expenses of this Research were defrayed by a ile from the 
Royal Society. 


CONCLUSIONS. 


1. Apocodeine very readily paralyses nerve cells in exactly the 
same way as nicotine. It differs from nicotine in that there is no initial 
stimulation. After the nerve cells have been paralysed by apocodeine 
nicotine on injection produces none of its usual effects such as rise in 
blood-pressure, vaso-constriction, etc., whilst the action of adrenalin 
remains unimpaired, 

2. As a result of this paralysis arterioles dilate, blood-pressure falls, 
the heart beats more rapidly and the automatic movements of plain 
muscle are all increased. Recovery is very slow. 

3. It is suggested that the increased peristaltic movements pro- 
duced by the injection of many of the opium alkaloids and their 
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derivatives is due to depression of the inhibitory sympathetic nerve 
cells. In a series of four of these alkaloids the purgative action varies 
directly with their paralytic effect on sympathetic ganglia. 

4. Reflexes are increased and strychnine-like convulsions are even 
sometimes seen. This is probably an effect on the sensory side of the 
cord. It is also suggested that nicotine directly stimulates the motor 
nerve cells in the cord, and that adrenalin diminishes resistance to 
. Impulses especially on the motor side of the cord. 

5. Larger amounts of apocodeine paralyse the motor nerve endings , 
in voluntary muscle like curare. The . vagal —* in the heart are 
paralysed as in the case of atropine. 

6. With still bigger doses after a preliminary stimulation, paralysis 
of vaso-motor nerve endings is produced. When this action is complete 
pilocarpine, physostigmine, and adrenalin have no effect on the blood 
vessels or blood-pressure, whilst barium and digitalis will still constrict 
the vessels and raise the blood-pressure: the effect of digitalis is how- 
ever considerably diminished. The former three drugs therefore act on 
nerve endings, and the latter two directly on muscle. 

7. The motor and inhibitory nerves to the intestines are paralysed 
and therefore adrenalin and pilocarpine have no action. Other nerve 
endings such as the hypogastrics are not affected and adrenalin still 
produces its normal inhibition and pilocarpine some augmentation of 
movement, 

_8. The accelerator nerve endings in the heart are each This 
effect is relatively easy to effect in the young animal but much more 
difficult in the old as the heart becomes dangerously slow and sometimes 
stops. Adrenalin, caffeine and aconitine in large amounts quicken the 
normal heart even when the vagi are paralysed and it is perfused 
artificially outside the body. After apocodeine adrenalin no longer accele- 
rates, but caffeine and aconitine can still quicken. The latter two drugs 
therefore affect the heart muscle. The excitation of the accelerator 
endings by adrenalin will probably explain the temporary vagal paralysis 
to be seen immediately after an injection of this body. 

9. The antagonism between apocodeine and either adrenalin or 
_ pilocarpine is on tissues, and is probably not the same as that. between 
atropine and pilocarpine, 

10. On the intact animal apocodeine produces erection of the hairs 
over the face area and back, and cedema of the face. The former effect 
is due to peripheral sympathetic excitation, the cause of the latter is 
doubtful. 
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VASCULARITY OF THE SUBMAXILLARY GLAND . 
ON STIMULATION OF THE SECRETORY NERVES. 
_ By R. BURTON-OPITZ. (Two Figures in Text.) 


= (From the Physiological Laboratory of Columbia University, at the 
College of Physicians and Surgeons, New York.) 


WHILE determining with the recording stromuhr of Hiirthle’ the 
relative quantities of blood traversing the tributaries of the external 
jugular vein, it was deemed instructive to record at the same time those 
variations in the venous flow which result when the secretory nerves 
are stimulated’. 

We may recall briefly the anatomy of the veins experimented on. 
| The internal maxillary vein runs close to the dorsal superficial margin 
| of the submaxillary gland, the facial vein close to its ventral superficial 

margin, .The latter blood vessel unites with the lingual vein about 
midway between the anterior and posterior poles of the gland, to form 
_ the external maxillary vein. The external jugular is formed near the 
posterior extremity of the gland by the union of the internal and 
external maxillary veins. The submaxillary gland is drained usually 
by only one vein, but as is known the location of this blood vessel varies 
greatly. In Exps. 1 and 3 the vein left the gland at the hilus and 
passed directly to the lingual vein communicating with this blood vessel 
about 1 cm. distally to its point of union with the facial. In Exps. 2 
and 7 the vein extended from the median border of the gland to the 
same vein, In Exp. 4 the vein emerged at the posterior pole of the 
gland and entered the external maxillary vein, close to its point of union 
with the internal maxillary. In Exps. 5 and 6 the vein emerged i in the 
vicinity of the anterior pole and emptied its contents, in the former 
case, into the facial, and in the latter case, into the internal maxillary 
1 Hiirthle, C, Compt. rend. du cinquitme congrés de physiologic. Turin, 1901. 
2 Bernard, Cl. . Compt. rend. 1. 28, 1858; vm. 9, 1858; rx. 6, 1858, Guzette médicale 


de Paris, vt. 3, p. 428, 1858, v. Frey, Ludwig's Arbeiten; x1. p. 89, 1877. Langley, 
this Journal, x. p, 316, 1889. 


} 
A METHOD TO DEMONSTRATE THE CHANGES IN THE 
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vein far distally to the gland. In Exp. 8 the vein passed from the 
posterior extremity of the gland along its entire dorsal surface and 
communicated finally with the internal maxillary vein. 

The dogs used in this investigation were narcotized with morphine 
and subsequently with a mixture of ether and chloroform. 

The facial and internal maxillary veins were placed in ligatures 
opposite the centre of the gland, the lingual vein was secured about 
2 em. distally to its point of union with the former vessel. In this 
dissection great care was exercised to leave the gland and its veins 
perfectly undisturbed. Those unimportant venules draining the integu- 
ment in the vicinity of the gland and communicating with the large 
veins centrally to the points indicated, were ligatured or destroyed. The 
dissection having been completed, the integument was again replaced, 
but in such a way that easy access could be had to the veins at the 
specified points. 

The chorda tympani was placed in covered electrodes a little past 
the point, where its fibres separate from the lingual nerve and attach 
themselves to Wharton’s duct. The nerve was left intact’, as section of 
it might possibly have changed the vascular condition of the gland. The 
vago-sympathetic nerves were cut during the experiment after the 
completion of the stimulation of the cerebral secretory nerve. The 
central end of the nerve on the operated side was raised and stimulated 
with needle-electrodes. 

The stromuhr filled with warm saline solution, was inserted upright 
in the distal portion of the external jugular vein. Its peripheral can- 
nula came to lie close to the junction of the internal and external — 
maxillary veins, After a few phases indicating the normal blood-volume 
in this vein had been recorded, its branches were clamped one after the 
other at the points designated above. This procedure enabled me to 
determine by the method of deduction the value of the blood-flow for 
each of the tributary veins. 

All the branches of the external jugular having been compressed, 
only the blood from the submaxillary gland could reach the stromubr, 
provided of course that the vein in question emptied into one or the 


1 In three later experiments section of the chorda was tried while the blood-flow from 
the submaxillary gland was being registered by the stromuhr. A change in its value sub- 
sequent to this procedure could not be detected. Section of the lingual nerve centrally to 
where the chorda is given off and stimulation of the distal end of the combined nerves is 
not permissible in experiments of this kind. In the two cases in which this was done the 
blood-flow in the lingual and facial veins immediately assumed a value decidedly greater 
than normal, | 
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other of these large venous channels centrally to the constrictions. As 
this was not the case in Experiments 5, 6 and 8, these quantitative 
determinations were unsuccessful, at least in so far as the venous flow 
from the submaxillary gland is concerned. 

When the stromuhr recorded only. the blood-volume of the sub- 


‘maxillary vein, the chorda tympani was stimulated with a tetanic 


current of varying strength. One or two widely separated stimulations 
having been made, the vagi were ligatured and divided. The central 
stump of the nerve on the operated side was subsequently raised and 
stimulated with needle-electrodes. 

As the changes in the blood-flow of the submaxillary vein subsequent 
to the stimulation were always very pronounced and long continued, 
more than one or two applications of the current to each nerve could 
usually not be made in the course of the same experiment. The stimu- 
lation of the nerves was therefore repeated as a rule after thoroughly 
cleaning and reinserting the stromuhr. The blood-flow was allowed to 


_ regain its normal value after every stimulation. During the interval 
one or the other of the tributary veins was kept open to prevent coagu- 


lation by allowing a greater interchange of blood within the stromuhr. 

Upon the smoked paper of the kymograph were recorded first the 
curve of the blood-flow. The time-curve, written by a Jaquet chrono- 
graph, served as the abscissa for this record. An electro-magnetic 
signal marked the moment and duration of the stimulation. The 
venous pressure was registered by a Hiirthle’s membrane manometer, 
communicating by means of a T tube with the distal cannula e the 
stromuhr. 


The Blood-Volume ‘in the Tributary Branches we External 
Jugular Vein. 


In the present cobdivieies of this paper only the value of the normal 
blood-flow in the external jugular vein and its tributary branches will be 
considered. In this calculation are included not only the phases whieh 
were written at the beginning of each experiment, but also those 
recorded in the intervals between the different stimulations of the 
secretory nerves. Furthermore, to avoid all possible errors due to 
coagulation, only those phases were measured which were written 
during the first three to four minutes after the beginning of the experi- 
ment. 

Table 1 contains the average values for each of the veins enumerated 
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previously, the value of the blood-flow being given in terms of cubic 
centimetres per second. As stated previously, Experiments 5, 6 and 8 
were partly unsuccessful, because the blood-flow from the submaxillary 
gland could not be determined separately, on account of the peculiar 
distribution of the vein. 


TABLE 1, 


The blood-flow in the external jugular vein and its tributary branches. 


The Blood-volume (c.c, per second) in the ‘ 
| Weight of Pacialy, Lingualy. 
Weight of grms. 
vein Ext. maxillary v 
1 15 10°5 18 0-72 0°58 0°45 0°05 
2 10 171 0°52 0-28 0-26 0-04 
3 15 9-0 16 0°79 0°33 0°39 0°09 
4 22 10°5 2-3 1:15 0-62 0°37 0°16 
5 15 8°5 0-91 0-43 0°36 
6 14 9°0 19 0°89 0°55 0°46 — 
7 33 17°0 2°8 1:20 0-82 0°49 0-29 
8 27 125 2-2 1-08 0°64 0°48 ~ 
Average 
188 106 1-92 | 090 0-53 0-40 0-12 


By comparing the value of the blood-flow in the three principal 
tributaries of the external jugular, we find that the quantity of blood 
traversing the internal maxillary is considerably larger than that in any 
_ one of the other two blood vessels. The eight experiments contained in 
_ Table 1, gave the following average results. Internal maxillary vein 
0°90 cc. per second, facial vein 0°53 c.c. per second, lingual vein 0°52 c.c. 
per second (inclusive of the vena gland. submaxillaris). 

We must remember, however, that the latter two blood vessels unite 
to form the external maxillary vein. Their combined blood-volume 
shows the value 1°05 c.c. per second for the external, as against 0°90 c.c. 
per second for the internal maxillary vein. 

The bleod-volume of the vein draining the submaxillary gland is 
very small. The five successful experiments inserted in Table 1 -have . 
given the average flow of 0°12.c.c. per second, 1.¢. 7°2 c.c. a min.; aver- 
age weight of gland 10°6 grammes. Bernard and Langley found the | 
blood-flow to be about 5 c.c.; v. Frey about 12 cc. a minute. — 3 

The average weight of the animals used in this investigation was 
18°8 kilos, the average value of the blood-flow in the external jugular 
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yein 1:92 ec. per second. I have previously published eight experi- — 
ments dealing with the value of the blood-flow in this vein’. If the 


data from all of these sixteen experiments are compiled, we obtain the 
average flow of 1°98 c.c. per second in a dog weighing 15:3 kilos. 


The Changes in the Blood-flow of the Vena Gland, Submawillaris 
on Stimulation of the Chorda Tympant. 


Figs. 1 and 2 picture the vascular changes which ensue when the 


secretory nerves are stimulated ; they were obtained in the same animal. 


Both figures are reduced from 15} to 64 inches. The current, 10 cm. 
distance of coils, 2 dry cells, was applied first to the chorda. The vagi 
were then divided, and the central end of the nerve on the operated 
side again stimulated with the same strength of current. 

It is to be remembered that the writing lever of Hiirthle’s stromuhr 
records a diagonal curve from below upward, if the piston in the central 
cylinder is driven downward by the blood rushing into the upper part 
of the instrument. If, on the other hand, the blood is diverted into the 


lower part of the cylinder, the piston travels upward and the curve | 


written upon the revolving drum, will then extend diagonally from above 
downward. The stromuhr records, therefore, a continuous curve consist- 
ing of upward and downward phases. The steeper these different 
phases, the greater the blood-flow. The more the curve inclines toward 
the abscissa, the less the flow. In the present experiment every rise or 
fall of the writing lever, amounting to 6°5 mm., indicates that 1 cc. of 
blood has passed through the stromuhr. 

Exp. 3, from which Figs. 1 and 2 are taken, began in the usual way. 
A uumber of phases with all the tfibutary branches of the external 
jugular vein open were recorded first. The internal maxillary was then 
clamped, so that only the blood from the facial and lingual veins could 
reach the instrument. The flow in these two veins combined amounted 
in this case to 0°81 c.c. per second. A part of this phase is visible in 
Fig. 1:—it extends from point A to B. 


The facial vein was compressed at B. Subsequent to this point, 
_ therefore, the stromuhr registered only the blood-flow in the lingual 


vein which amounted to 0°48 c.c. per second. 
At ( the blood-stream was diverted into the upper part of the 


’ Burton-Opitz, R. The American Journal of Physiology, vu. exps. 1 to 5, p. 439, 
exp. 2, p. 441, and exps. 1 and 2, p. 442. 
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cylinder. The piston thus being driven downward, caused the writing 
lever to travel upward. 

Another very decided reduction in the blood-flow is seen to have 
taken place at D. At this point the lingual vein was compressed 
distally to the entrance of the vena gland. submaxillaris, Between D 
and K, therefore, only the blood returned from the submaxillary gland 
was allowed to pass through the stromuhr. The normal blood-flow in 


this vein previous to the stimulation of the chorda possesses the average 


value of 0°09 c.c, per second. 

The chorda tympani was stimulated at # with a medium current 
(10 cm. distance of ‘coils); duration of stimulation 7:2 seconds. We 
observe that shortly after the make of the current, at F, the curve 
gradually becomes steeper, indicating thereby that a greater quantity of 
blood is passing through this vein. The stimulation was discontinued 
at G, but the blood-flow remained high for some time afterward. Its 

value between points /’ and H is 0°32 c.c. per second, or 3°5 times as 
great as normal. 

The latent period, from £ to F, indicating the time elapsed from the 
moment of stimulation to the appearance of the distinct increase in the 
blood-flow, is about two seconds in length. We must remember, 
however, that the greatest part of this time is undoubtedly consumed in 
the passage of the blood from the gland to the stromuhr. In the organ 
itself the effect of the stimulation must naturally be much more 
immediate. 

As is known, the increase in the blood-flow, incited by the stimula- 
tion of the chorda, continues for a comparatively long time. In Fig. 1 
a distinct decrease is not noticeable until about six seconds after the 
break of the current, at H. Beginning at this point the curve assumes 
more and more the same incline toward the abscissa as before the 
current was applied. At K we observe that the normal blood-flow has 
again been established. 

The blood-stream was made to enter the cylinder below the piston 
at J. Subsequent to this point, therefore, the writing lever travelled — 
from above downward. The blood-flow having become normal, at K, 
the tributary branches were again opened one after the other. 

Fig. 1 also shows that the curve of the venous pressure, registered 
by a membrane manometer distally to the stromuhr, pursues a course in 
perfect harmony with that of the blood-flow. With all the tributary 
veins opened the pressure amounted to 13°55 mm. Hg. On clamping 
_ the internal maxillary, the pressure decreased to 12°2 mm. Hg. Two 
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further drops occurred at B and D, subsequent to the compression of 
the facial and lingual veins. When only the blood from the sub- 
maxillary vein was allowed to pass, the pressure equalled only 3°2 mm. 
Hg, but we observe that during the period of increased flow incited by 
the stimulation of the chorda (Ff to H), a slight rise to 6-4 mm. Hg, 
resulted'. The pressure again decreased as the blood-flow gradually re- 
~ assumed its normal value (H to K). The removal of the clamp from 
the-facial vein, at K, raised the pressure again to its previous value. 
At C and J slight rises were produced artificially by the reversal of the 
_ blood-stream. 

The increase in the blood-flow of this vein can be shown very 
strikingly even with the use of weak stimuli, but on the whole it may 
be said that the changes become the more evident, the stronger the 
current. The same result was obtained also by means of different ~~ 
strengths of acetic acid; however, when brought into the mouth, agents ~ 
of this kind produce a continuous stimulation. On this account the 
changes in the blood-flow cannot be so abrupt and decisive, as | when 
electrical stimulation of the nerve is resorted to. 

The nature of the curve makes it impossible to compare the normal 
blood-flow with the flow occurring precisely between the make and 
break of the current. On this account it seems justifiable to use instead 
the steepest part of the curve, i.e. the period of great flow which 
reaches its maximal value sometime after the beginning of the stimula- 
tion. In Fig. 1 this period is marked by the letters F and H, and the 
period of the normal flow by the letters D and £. 

Accordingly, Table 2 gives the normal blood-flow prevailing from — 
the compression of the last tributary vein to the make of the current 
(D to £), in relation with the flow during the period F to H. The 
values are given in terms of cubic centimetres per second. It must 
also be mentioned that only those stimulations are included in this 
outline which were made previous to the section of the vagi. 


1 Bidder gives 37 mm. sia rome ina 
lation of the chorda tympani. 
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TABLE 2. 
The increase in the blood-flow of the v. gland. submax. on stimulation 
of the chorda. | 
A Stimulation of chorda 
Normal Blood-flow Increase 
Exp. blood-flow Duration Dist. of coils | after stimulation B times A 
c.c. per second in seconds cm, c.c. per second 


or 
rd 


The Changes in the Blood-flow of the Vena Glandularis Sub- 
— magillaris on Stimulation of the Vago-Sympathetic Nerve. 


Immediately after dividing the vagi the blood-flow in the external 
jugular vein and its tributary branches assumes a value which is two to 
three times greater than normal’. This increase continues for some 
time, but it seems that eventually the flow is again lessened. Thus, it 
was found in some of the above experiments that the blood-flow was not 
nearly so great when the stromuhr was reinserted half-an-hour after 
section of the vagi. Whether this change is due to a gradual return to 
. normal vascular conditions, or is caused by the “exhaustion” of the 
animal on account of the long-continued etherization, must remain 
questionable, The former view, however, seems more probable. 

In the description of Fig. 2 we must remember, therefore, that the 
blood-flow in all the veins of this region is still greatly increased, this 
curve having been recorded only about one minute after the section of 
these nerves. As in all the other experiments the tributary branches 
of the external jugular remained opened at first. The internal maxil- 
lary and facial veins were subsequently compressed one after the other. 


+ Burton-Opitz. loc, cit. p. 441. 
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Fig. 2 shows first a part of the phase recorded when only the blood 
from the lingual vein was allowed to pass (B to D), but the value of the — 
blood-flow in this vein now amounts to 1'08 c.c. per second, as against 
0:48 c.c. per second previous to the section of the vagi. Point C again 
marks the diversion of the blood-stream into - ‘Spper part of the 
cylinder. 

At D the lingual vein was clamped distally to the orifice of the vena 
glandularis submaxillaris. Subsequent to this point, therefore, only the 
blood from the submaxillary gland could enter the stromuhr. The 
blood-flow previous to the make of the current (Z) possesses the value 
0°31 c.c., per second, as against 0°09 c.c. per second when the vagi were 
intact as yet. This increase in the blood-volume is clearly betrayed 
even by a very superficial inspection of the two curves. We observe 
immediately that the different phases of the curve are much steeper in. 
Fig. 2. We may, therefore, readily conclude that a greater quantity of | 
blood is propelled in the latter instance. The stimulation of the central 
end of the vago-sympathetic nerve began at H and continued to G 
(about 20 seconds). The strength of the current was the same as that 
used previously in stimulating the chorda. 

We observe that shortly after the beginning of the stimulation the 
curve gradually turns more and more towards the abscissa. A decided 
change in its direction is clearly evident at F. Stimulation of this 
nerve is therefore followed by a decided decrease in the blood-flow 
which, as in the case of the chorda, continues for some time after the 
break of the current. The value of the blood-stream between F and H — 
is 0°08 c.c. per second, or 3°8 times less than previous to the stimulation. 
Although the curve of Fig. 2 pursues a course which is the reverse 
from that observed previously in Fig. 1, the general character of the 
vascular reaction is the same in both cases. The results are in accord- 
ance with previous knowledge. 

A close inspection of Fig. 2 shows that the blood-flow begins to in- — 
crease again near H, the curve again assuming at this point a greater 
incline away from the abscissa. This increase is especially evident to 
the left of pomt J. If we compare the incline of the curve between J 
and K with its steepness between D and EF, we observe that the blood- 
flow has almost regained its former value. 

The curve of the venous pressure pursues in this figure an identical 
course with that of Fig. 1. The pressure decreases perceptibly at D, 
subsequent to the compression of the lingual vein. It retains a definite 
height until the reduction in the blood-volume occasioned by the stimu- 
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lation of the sympathetic fibres, causes it to decrease again (at Ff’). It 


increases gradually as the blood-flow reassumes its normal value (H to 
K). The height of the pressure cannot be given in mm. Hg, because 
the manometer was accidentally shifted at D; the general « course of the 
pressure is nevertheless clearly betrayed. : 

In Table 3 the value of the blood-flow previous to the stimulation 
of the sympathetic fibres is compared with that incited by the stimula- 
tion. The periods included in this calculation are marked 1 in Fig, 2 by 
the letters D, F and F, H. 


TaB.e 3. 
The decrease in the blood-volume of the v, gland. submax. on stimulation 
of the sympathetic fibres. 
Ex Flow after sec- . Blood-flow after | Decrease 
P- tion of vagi, Dist. of coils stimulation (times less) 
¢.c. per sec. | Duration in secs. cm. c.c. per second 
9 0°08 106 12 0°032 2:5 
| 8 0°030 2°6 
0-31 19°0 10 0°089 3°5 
3 os 12°2 10 0°102 3°0 
5 0°067 46 
4 0°24 18°6 6 almost complete stoppage 
7 0°42 20°0 10 0°180 
5 0°085 4°9 


In the preceding experiments stimulation of the chorda tympani 
incited a blood-flow which was from 1°7 to 5°6 times as great as the 
normal; stimulation of the sympathetic fibres, on the other hand, led to 
almost a complete stoppage of the blood-flow. Both facts are in accord 
with the results of other observers. Vaso-motor fatigue sets in if the 
stimulation is continued for a longer time (about 50 seconds). In the 
latter case the blood-flow will gradually return to normal, in spite of the 
continued application of the current. | 

The sympathetic nerve also influences the blood-flow in the small 
vein draining the superficial lymphatic glands in the region of the 
larynx. In Experiments 2 and 5 the vago-sympathetic nerve was 
stimulated in the manner described previously, while the blood-flow 
from this vein was being recurded. The stimulation was constantly 
followed by a decided decrease in the blood-volume of this vein. 
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THE NATURE OF THE PHYSIOLOGICALLY ACTIVE 
SUBSTANCES IN EXTRACTS OF NERVOUS TIS- 
SUES AND BLOOD, WITH SOME REMARKS ON THE 
METHODS OF TESTING FOR CHOLINE. BrSWALE 
VINCENT, M.B., J. Francis Mason Scholar, Research Fellow of 
the University of AND W. CRAMER, 
Figures in Text.) 


(From the Physiological Laboratory, University of Edinburgh.) - 


THE present investigation arose out of an enquiry into the nature of 
the substance which causes a fall of blood-pressure, and which can be 


_ extracted by water or by normal saline solution from the thymus gland. 


Certain views have been put forward in regard to thymus extracts 
which implied a specific nature of the depressor substance in the 
extracts and a definite internally secretory function of the organ’. 

Now it has recently been pointed out that very many, possibly all, 
the animal tissues impart to watery or saline extracts a substance or 
substances which affect the blood-pressure’, and it is naturally of 
importance to ascertain as far as possible how far the active substances 
are identical in different tissues. But, as practically nothing has been 
discovered as to the precise chemical nature of these substances in any 
tissue, we have thought it desirable to enquire more fully than has 
previously been done into the chemistry of the extracts of some one 
group of them. 

The group we have chosen is that of the nervous tissues, parily 
because the depressor effects of the extracts are more marked in this 
case, and partly also because there has been considerable discrepancy 


1 The expenses involved in this research have been defrayed from a grant made by the 
Government Grant Committee of the Royal Society. A preliminary account has been 
given in Proc, Physiol. Soc., and This Journal, xxx. No. 1. 

? Svehla. Arch. f. exper. Path, xu. 8. $21. 

* Swale Vincent and W. Sheen. This Journal, xxrx. p. 242, 1903. 
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between the results obtained by different observers both in the experi- 
‘mental and chemical aspects of the subject’. 

It has already been shown that though choline might possibly be 
present in watery and saline extracts of nervous tissues, the depressor 
effects could not be due to that substance. The experimental evidence 
on this point is in our opinion conclusive, but since certain deductions 
from the opposite conclusion have been extended to pathological tissues 
and have formed the basis of theories as to the chemical changes in 
nervous diseases*, we have deemed it essential to enquire in some 
detail into the more purely chemical aspects of the case, using the 
physiological test as a guide to check the results from step to step. 

There is no need to give an account of the history of the subject as 
_ this has been so recently done‘. 

We have to thank Dr Fawsitt of the Chemical Dpectaiont of the 
University, for assistance in the matter. 

Methods employed. Our material has been obtained from ox ‘nies 
These have been procured perfectly fresh from the slaughter-house and 
freed as completely as possible from blood-clots and membranes. They 
have then been pounded with sand and heated with water or normal! 
saline. In some cases we have used two or four ox brains, but for our 
later experiments much larger, quantities of material have been 
employed—twenty and even forty ox brains®. In these cases the boil- 
ing did not last longer than five minutes, but the brains were put into 
cold water or saline, and the heating up to the boiling point occupied 
twenty-five minutes. The decoction was rendered acid with acetic acid 
during active ebullition and the filtered fluid was then evaporated down 
over a water-bath, the temperature of this not rising above 60°C. The 
syrupy residue was then used as the ‘basis for all further extractions. 

We have also employed Baumstark’s method for procuring an 


1 See Osborne and Swale Vincent, This Journal, xxv. 1900; Halliburton, Ibid. 
xxvi. 1901; Swale Vincent and Sheen, loc. cit.; Cleghorn, Amer. Journ. of Physiol. 
1899, m. p. 471; Ott, Contrib. from the Physiol. Lab. Medico-Chir. College, Philadelphia, 
1898-9 ; Hunt, Amer. Journ. of Physiol. m1. p. 18, 1900. 

* Osborne and Vincent, loc, cit. Vincent and Sheen, loc. cit.; see, however, 
Halliburton, loc. cit. 

* Halliburton, loc. cit., also Phil. Trans. 1899, Vol. 191, Croonian Lectures, London. 
1901; Mott, Archives of Neurology, 1903. Bet. 

4 Vincent and Sheen, loc. cit. 

5 In these cases the preliminary extractions were performed for us by Messrs Duncan 
and Flockhart, Edinburgh. We are indebted to Dr Clarke and Mr Guyer for the 
trouble they have taken in superintending the preparation of the material. 
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aqueous extract of brain by treating with excess of ether’. . The brain 
is put in a vacuum desiccator over ether and the pressure diminished, so. 
that the tissue is surrounded by an atmosphere of ether. The watery 
extract driven out of the brain by the action of the ether is then 
distilled in vacuo without exceeding a temperature of 40°C., and the 
residue extracted with absolute alcohol: the alcoholic solution is.then 
evaporated to dryness and the residue taken up in normal saline solu- 
tion, 0-9°/,, made up with tap water. It may be as well to state here 
that whether specifically mentioned or not, all substances injected into 
animals under experiment have been dissolved in this fluid. 

The animals used for experiment have been dogs, cats, and rabbits, 
but chiefly small dogs; A.c.£. and morphia have been used as anes- 
thetics, in the case of cats A.c.E. alone, The blood-pressure has been 
taken from the carotid artery and the injections made into the saphe- 
nous or external jugular vein. In order to make ourselves familiar 
with the action of choline we have employed both the base itself and 
the hydrochloride, and have tested their effects under varying conditions 


upon dogs, cats, and rabbits. Further we have used choline from three —— 


different sources, (1) From Griibler, prepared from egg-yolk by — 
Diakonow’s method. (2) From Merck, prepared synthetically. (8) From 
ox brain, prepared by ourselves. The different samples have yielded 
almost identical results. : | 

It is noteworthy that the contrast between the action of choline 
and that of nervous tissue extracts after atropine is more marked when 
- the animal is well under the influence of morphine, 

Separation of active principles by means of alcohol. It was pointed 
out above that if choline were present at all in the brain extracts, its 
effects were completely masked by the much more powerful effects of 
other substances. This applies particularly to extracts made with 
normal saline solution, Now since choline is so readily soluble in 
alcohol it occurred to us to perform a series of experiments in which 
the substances soluble in alcohol were separated from those insoluble in 
alcohol but soluble in water, Accordingly the dried watery or saline 
decoction was treated for varying periods with alcohol. The alcoholic 
extract was then evaporated down and the residue taken up in saline. 
A saline solution was also made of the substance which did not go into 
solution in the alcohol, These two solutions were separately injected 
into the vein of an animal both before and after atropine. 


1 See Neumeister, Lehrb. d. physiol. Chem. p. m, 2 Aufl., 1897; Baumstark, 
Zeitschr. f. physiol. Chem. rx. 1885, 
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solutions was very marked. Thus the effect of the alcoholic extract 


In some experiments the contrast between the effects of these two 


was abolished: by atropine’ (cf. Figs. 3 and 4 with 1 and 2), or even 
replaced by a rise which is more marked after section of both vagi in 


Fig. 1%. Dog. Injection of alcoholic extract of dried saline decoction of ox 
7 brain. Before atropine. Time marker = 10 secs. 

Fig. 2. Injection of saline extract of dried saline decoction, after previous extraction 
; with aleohol. Before atropine. 


Fig. 8. Injection of same extract in same dose as in Fig. 1, after atropine. | 
Fig. 4, Injection of same extract in same dose as in Fig. 2, after atropine. 


1 If Halliburton made extensive use of this mode of extraction it might explain his 


results, 


? In this and all following figures a centimeter is drawn immediately above the time 
tracing. The number at the upper end of maciuset austen blood-pressure in mm. 
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addition (Figs. 5 and 6), while the effect of the substance which did not 
enter into solution in the alcoholic was unaffected (Figs. 2, 4, and 6). 


Fig. 5. Dog. Atropine, Both vagi cut, Injection of alcoholic extraction of dried 
saline decoction of ox brain. 
Fig. 6. Injection (almost immediately after that of Fig. 5) of saline solution of resi- 


But this result was not always obtained, since it depends upon the 
degree of alcoholic extraction. Thus, if the extraction is prolonged and 
made more thorough by constant shaking, more and more of the 
substances whose action is different from that of choline and more 
potent than it are extracted, so that the effects of the choline-like sub-— 
stance are masked. In this way we may obtain a full fall of blood- 
pressure with an alcoholic extract even after the administration of full 
doses of atropine. If small quantities of the dried saline decoction are 
extracted with alcohol by means of a Soxhlet apparatus, it is possible 
by continuing the process for three weeks to remove all substances 
having a depressor effect. For this reason we have chiefly relied upon 
extraction with absdlute alcohol at the ordinary laboratory temperature. 

Cold alcoholic extract of dried watery decoction. The dried watery 
extract is pounded with absolute alcohol and shaken up with this fluid 
_ for several hours, After filtering and evaporating to dryness it is taken 
up several times with alcohol with the object of getting rid of inorganic 
salts. The final alcoholic solution is then precipitated with platinum 
chloride. The greater part of this precipitate we find is not easily 
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soluble in water. The precipitate is filtered off. As we were chiefly 
interested to see if choline were present in brain extracts, our attention — 
has been principally directed to the part which is easily soluble in cold 
water. This was split up by treatment with sulphuretted hydrogen, 
precipitated again with platinum chloride and the process repeated. 

By repeated crystallisation we obtain crystals of two distinct forms— 
octahedra and long prisms. The prismatic crystals in one experiment 
melted with decomposition at a temperature of 214°C. The nas 
analysis of these gave the following result :— 


M.P. 214°C, 0°0542g¢. of the salt gave 00178 g. Pt. 
= 32°85 °/, Pt. 


The percentage of platinum calculated for choline would be 31°64. At 
first we were inclined to look upon this substance as impure choline, but 
the fact that another specimen of these crystals though melting at 
196°C. from another extract had a platinum percentage closely 
approximating to that of the first led us to suspect that we had to deal 
with a substance of definite chemical composition. The analysis in the 
second case yielded the following results — 


01054 g. of the salt gave 0°0346 g. Pt. 
= 32°83 °/, Pt. 


We were strengthened in this suspicion by the observation that there is 
a distinct difference between the physiological action of choline and 
that of the substance in question. The latter gives, it is true, a fall of 
blood-pressure before atropine, and a rise afterwards, just as choline 


Fig. 7. Dog. Injection of 5 ¢.c. of a 1°, solution choline hydrochloride (Merck) 
| after atropine. 

Fig. 8. Injection of same me of the ‘‘di-choline souane from brain, after 
— 
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does, but. while the fall before atropine was more marked in the case of 
the substance obtained from brain, yet after atropine the rise was 
greater in the case of the synthetic choline (Figs. 7 and 8). 

In this relation it is interesting to note that Gulewitsch' by 
recrystallising from a mixture of neurine and choline platinum chlorides 
has obtained a compound of the uniform appearance of the neurine- 
platinum chloride, having a platinum constituent of 32°65—32°48 °/,. 
This he suggests is not a mere mixture but a “loose molecular com- 
pound” of the neurine and choline platinum chlorides in the pro- 
portions of their molecular weights. Such a mixture of these two 
platinum chlorides would however have a platinum percentage of 32°08, 
and not as he gives 32°62. The percentage of platinum found in his 
substance crystallised from a mixture of the choline and neurine plati- 
num chlorides, and in our substance isolated from brain, corresponds to 
the platinum salt of di-choline anhydride (2 molecules choline chloride 
minus 1 molecule water). 


+ PtCl, Pt*/, age calculated 32°57 


Little importance is to be attached to the difference in the melting 
points of the two samples, since the chemically pure choline compound 
has given in the hands of different observers melting points varying 
from 209° C.—241° C, The amount of this substance obtained was not 
sufficient to enable us to examine further into its chemical characters, 
as to molecular weight, etc. | 

Both in the precipitate and filtrate we have been unable to find any 
choline, if the above suggestion as to the nature of the choline-like 
body be accepted. The fact that Gulewitsch has extracted choline in 
small quantities from ox brain* while he has not obtained a substance 
corresponding to the one which contains the larger percentage of 
platinum, may be explained by the fact that he left his extracts stand- 
ing for several months in order to get complete precipitation, and 
during this time hydrolysis may have taken place. Further, Gule- 
witsch used hydrochloric acid in his extraction, whereas we used acetic. 

It appears to us possible that the di-choline anhydride is the form in 
which choline is present in brain, and in which it is bound up with 
lecithin and protagon and from which it is set free by boiling with 

alkalis, | 


The octahedra above referred to did not melt below 260°C.; on | 


1 Zeitschr. f. physiol. Chem. xxvut. 8. 63. 1899. 
2 Gulewitsch. Zeitschr. f. physiol. Chem. xx1v 
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heating they were decomposed without charing or any smell of amine ; 
they gave off an alkaline vapour and yielded spongy platinum. They 
thus proved to be ammonium-platinum chloride. 

The part of the platinum precipitate insoluble in cold water after 
elimination of the platinum, turned out to consist chiefly of potassium 
and sodium chlorides. At the same time there occurred a small amount 
of characteristic dagger-shaped crystals. 

Thus it will be seen that by repeatedly taking up in absolute alco- 
hol or by crystallisation it is impossible to get rid of certain inorganic 


constituents, viz. potassium, sodium, and ammonium. This agrees with an 


observation of Gulewitsch? with regard to potassium, and shows that 
these inorganic constituents are originally present in combination with 
organic substances but are set free if H,PtCl,, picrie acid, phospho- . 
tungstic acid, or similar precipitants of basic bodies have been added. 
At the same time the solubilities of the platinum salts of choline, 
potassium, and ammonium when present together differ greatly from 
their solubilities in a pure and separate form*. Thus if the clear 
concentrated alcoholic filtrate from the platinum precipitate be left 
standing with excess of platinum chloride for twenty-four hours a crop 
of crystals is formed which is not easily soluble (the greater part at any 
rate) in cold water, and this consists chiefly of inorganic salts, It is 
noteworthy that there is a certain difficulty, as Gulewitsch points out, 
in getting a complete separation of these substances by means of 
platinum chloride. 

If one takes the total platinum chloride precipitate, frees it wee 
platinum and dissolves it in saline, a marked fall of blood-pressure can 
be obtained on injection into an animal, even after administration of full 
doses of atropine. This shows that even among the substances precipi- 
tated by platinum chloride there is at least one which contrasts with 
choline. in this respect. (See Fig. 


Fig. 9. Dog. Atrupine. Injection of 5 cc. of a 1°/, 
solution of substance precipitated by platinum chloride. 
(The platinum salt destroyed by means of H,8 and the 
and taken up in saline.) 


Insoluble in cold absolute aloohol. A solution of this portion of the 
extract is more powerful physiologically than a solution of the part 


1 Zeitschr. f. Chem, xxv, Gulewitsch, loc. cit. 
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soluble in aleohol. The active substances are not precipitated by 
_ phosphotungstic acid, by picric acid, or by lead acetate. This portion 
naturally contains the bulk of the inorganic salts originally dissolved by 
_ the water or normal saline from the tissue, but they cannot be regarded 
as in any way responsible for the physiological properties of the 
solution (v. infra). 

“ Baumstark” extract of brain. In order to be certain that the 
depressant effects of the brain extracts are not due to any substance 
produced by the mode of extraction, but due to some body which is 
ready-formed in the brain substance, we have employed Baumstark’s 
ether method (v. supra). [If one simply makes an extract with cold 
normal saline one has to deal with the nucleo-proteids in addition to 
other substances and the injection proves little or nothing. On the first 
injection of a “ proteid ” extract (an extract made with cold saline) one 
gets a fall of blood-pressure. Ifa second injection be made immediately 
one frequently gets a rise instead of a fall'\} The extract contains 
a powerful depressor substance which produces its effect both before 
and after atropine. Thus the same argument applies here as for nervous 
tissue extracts generally. If any choline be present its effects are 
entirely masked by the presence of other active substances. 

Ether extract of brain. It has been pointed out® that ether will 
extract a depressor substance from the residue of an alcoholic extract of 
brain. We find that it is only from the portion precipitated by platinum 
chloride that the ether can effect this extraction. The extract yields a 
small amount of definite crystals, mostly plates of polygonal or quad- 
rangular form. The depressor effect is obtained both before and after 
atropine. The quantity of substance soluble in ether is small but its 
effect is powerful. 

Physiological effects of various solutions. In the course of our work 
we have tested several substances which were probably or possibly 
present in our extracts, as to their action on blood-pressure. Thus we 
have tried, in addition to choline from the three sources above 
mentioned, i-leucine, sarkine, cholesterine, inosite, arginine, lysine, urea, 
creatine, sarco-lactic acid and the glycero-phosphates of calcium and 
potassium (Osborne and Vincent had previously tried glycero-phos- 
phoric acid). We are indebted to the kindness of Prof. E. Fischer for 
the specimen of leucine and to Prof. Kossel for the arginine and lysine. 


1 It is probable that. this explains, at any rate to some extent, the rise obtained by 
Vincent and Sheen, loc. cit., with “ proteid” extracts of various tissues. 
? Osborne and Vincent, also Vincent and Sheen, loc. cit. 
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None of these substances produced a fall of blood-pressure’. Moreover 
we have satisfied ourselves that the depressor effect is not F due to 
inorganic salts, — 

The platinum chloride test applied to sora blood. The fact that 
the ammonium double salt with platinum chloride, crystallising in octa- 
hedra, was obtained in alcoholic extracts of brain (even after repeatedly 
evaporating off the alcohol and taking up in alcohol again), and was in | 
danger of being mistaken for the choline double salt, led us to suspect 
that the same might apply to pathological blood in which choline was 
stated to be present in much greater amount than the normal. But it 
was first necessary to test normal blood. This we have done in the 
case of the ox, and by following out the process recommended by 
Halliburton’ for pathological blood, have obtained a large crop of 
octahedra in all respects resembling those he has figured from patho- 


_ logical blood. There were not merely a few crystals but in certain parts 


of the watch-glass on microscopical examination the field was full of 


them. Thus we are forced to the conclusion that the chemical test, as 


recommended, is fallacious, for unless the octahedra can be collected and 
tésted by exact chemical methods there is no proof that they are choline — 
compounds but a practical certainty that they are of inorganic nature. — 
The physiological test as applied to normal blood, Halliburton 
has obtained a fall of blood-pressure on injection of extracts from 


pathological human blood but negative results on the injection of 


normal cat's blood. We have been unable to obtain pathological or 
indeed any kind of human blood for investigation, but we have tested 
the blood of the ox, sheep, and the rabbit upon the blood-pressure of 
the cat* and the rabbit, and we frequently obtain a fall as great as that 
figured by Halliburton for pathological blood (see Figs. 10, 11, 12, 
and 13). 

It is mteresting to note that the fall was abolished by atropine in — 
the cat, 

It seems reasonable to conclude from these experiments that the 
substance present in the pathological blood which gave a fall of blood- 


1 Except lysine, and this only in one experiment out of three. 

2 Croonian Lectures, London, pp. 68, 69. 1901. See also Mott, Archives of Neurology, 
11. p. 858. 1903. 

% 5 ¢.c, of normal saline (‘9 °/, NaCl in tap water) at ordinary laboratory temperature 
injected into ext. jug. vein rapidly (5 secs.) in most experiments produces a slight but dis- 
tinct fall of pressure in the cat, and frequently also in the rabbit. In the rabbit its fall is 


occasionally very pronounced. If warmed to body temp. 


effect is produced. 
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NERVOUS TISSUE AND BLOOD EXTRACTS. — 1538 


3 _ pressure in Halliburton’s experiments was not choline, nor indeed 
anything arising from morbid processes, but some substance common to 
normal blood and to all animal tissues’. 


Fig. 10. Cat. wt. 36 K. Injection of extract corresponding to 30 ¢.c. ox-blood, 
before atropine. 
Fig. 11. Same expt. Injection of same amount of same solution after atropine. 


Fig. 12. Rabbit. Injection of extract corresponding to 30 ¢.c. ox blood. 
Fig. 13. Cat. wt. 25 K. Injection of extract corresponding to 30 c.c. of rabbit’s — 
blood. 


Indeed it appears a priori improbable that the substance in these 
pathological specimens of blood should be choline derived from nervous 
tissue. That such comparatively slight destruction of nervous elements 
as takes place even in extensive disease should supply sufficient choline 
to the blood to give the physiological test. seems scarcely conceivable, 
especially when we remember that choline is not a very powerful 
depressor substance, compared for example with the substance in 
nervous tissues which is soluble in ether. : 


1 As for the actual amount of fall of blood-pressure in our experiments as compared 
with those of Halliburton, it is difficult to be very positive, as this observer has not 
given the weights of the animals used for experiment, but even if it were shown that the 
fall were greater in the case of pathological blood there would still be no evidence that the 
active substance was choline. _ 
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SUMMARY. 


1. There are two groups of substances in watery extracts of 
nervous tissues, which when injected into the veins of an animal lower 
the blood-pressure. Both of these are soluble in water and in normal 
saline solution (NaCl 09 °/, in tap water). One group is easily soluble 
- in absolute alcohol, and the other scarcely soluble in this fluid. 

2. The alcoholic solution contains two depressor substances ; one 
of them has its effect abolished by atropine, the other has not. The 
latter is the more powerful but rather the less soluble in alcohol. 

3. The alcoholic solution gives an abundant precipitate with 
platinum chloride. Only a small part of this is readily soluble 
in water and on purifying gives octahedra and prismatic 
crystals, The greater part of the precipitate consists of potas- 
sium and ammonium platinum chlorides, The octahedra are 
the ammonium salt, The prisms have a platinum percentage of 
-82°8 corresponding to the platinum double salt of di-choline anhydride. 

4, We have not found any choline as such in brain extracts, but — 
there is evidence that this substance exists in nervous tissues in the 
form above mentioned. 

5. The chemical and physiological tests snemaindel for choline in 
pathological blood cannot be relied upon; indeed normal blood gives 
both the octahedra and frequently also the depressor effect. 
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INVESTIGATIONS ON THE PROTEOLYTIC ENZYMES 
. OF THE SPLEEN OF THE OX. By S. G. HEDIN, 
Department of Pathological Chomastry, comer Institute of Preventive 
Medicine, London. 


Except the enzymes that act in the alimentary canal no sestaalytio 
enzymes were known to occur in the animal body till E. Salkowski 
found that the liver, muscles and suprarenal glands, when crushed and 
kept together with chloroform at blood heat for a long time, undergo an 
alteration, in consequence of which the nitrogenous substances soluble 
in water increased’, This effect was attributed to proteolytic enzymes, 
which have been further studied in Salkowski’s laboratory by 
Schwiening* and Biondi*®. As regards the products of the activity 
of these enzymes Salkowski found leucin, tyrosin and purin bases in 
the digested liver mass, and Schwiening found leucin and tyrosin in 
muscles which had been digested for one year. 

Jacoby succeeded in precipitating the liver-enzyme by filtering the 
digested liver mass and saturating the filtrate with Am,SO,. Jacoby® 
also observed a proteolytic enzyme in the thymus, and Kutscher‘ has 
investigated the products of its activity. 

Our means of studying the activity of the cells have een very much 
advanced by the important method of E. Buchner’, of obtaining the 
contents of yeast-cells in a form suited for chemical iaiuabigpltion: Buch- 
ner’s idea has already in some laboratories been applied to other kinds of 
cells. By testing juices pressed from the disintegrated cells of different 
animal organs Hedin and Rowland? found that the spleen, lymphatic 
glands, kidneys and liver contain proteolytic enzymes acting only or 
most strongly in an acid medium. As to the action of juice prepared 

Zeitechr. f. klin. Med., 1890, Suppl. * Virchow’s Archiv, oxxxv1. p. 444. 1894. 
3 Virchow’s Archiv, cx11v. p. 873. 1896. 
4 Zeitschr. f. physiol. Chem. xxx. p. 149. 1900. 
5 Beitr. z, chem. Physiol. u. Pathol. 1. p. 147. 1902. 
Zeitschr. f. physiol. Chem. xxxtv. p. 114. 


Berl. Ber. xxx, pp. 117, 2670. 1897. OF 
8 Zeitschr. f. physiol. Chem. xxxut. pp. 841, 531. 1901. peed 
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from skeletal muscles no marked difference was found between the 
action in alkaline and acid mediums, whilst the heart showed a somewhat 
stronger activity in an acid reaction. The animals used in our investiga- 
tions were thé ox, horse, sheep, pig, and dog. 

I have continued these investigations in the first place on the sehen, 
because this organ shows the strongest proteolytic activity of all the 
organs tried by Rowland and myself. 

I have found that the spleen of the ox contains at least two different 
proteolytic enzymes, the one acting only or principally in an alkaline 
medium, and the other, which was previously found by Rowland and — 
myself, acting only or mainly in an acid fluid. For the former I propose 
the name Lieno-a-protease, and for the latter Lieno-8-protease. 

The methods adopted for proving the presence of proteolytic activity 
in a fluid have been as follows: 

1. Digesting the proteids present in the fluid itself, testing the 
degree of digestion by precipitating with an equal volume of tannic acid 
solution and estimating the nitrogen in a known volume (5 c.c.) of the - 
_ filtrate’. The tannic acid when in excess does not precipitate peptones | 
. or lower digestion products. If the estimation of nitrogen is carried 
out after and before digestion, the difference between the two results 
therefore corresponds to the peptones and lower products formed in the 
course of the digestion. Since the enzyme solution was diluted with 
an equal volume of tannic acid solution, the amount of nitrogen found 
should be doubled in order to correspond to the digestion that has taken 
place in the original fluid.. 

2. Digesting fibrin, in which case the digestion can be followed to 
some extent by inspection. To 10 cc. fluid I added 2 grams of hand- 
pressed fibrin. Where the action is only a weak one this method is not 
very good, because the fibrin itself contains a very weak proteolytic 
enzyme. Therefore I have always compared the action with the diges-. 
tion in a control sample, to which an enzyme was added, that had been 
boiled before the digestion. In important cases the degree of digestion 
was determined by estimating the nitrogen soluble in weak acetic acid. 
Therefore acetic acid to 0°2°/, was added to those samples which did 
not already contain that amount of acid and a volume of water equal to 
that of the enzyme solution. After some hours the fluid was filtered 
and the nitrogen in 5 cc. of the filtrate was estimated. The difference 
between the amount of nitrogen obtained from the specimen containing 


1 The tannic acid solution used in my investigations contains 70 grms. tannic acid, 
50 c.c, glacial acetic acid, and 100 grms. sodium chloride in one iitre. 
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the active enzyme and the one containing the boiled enzyme then 
apparently corresponds to the fibrin dissolved. In.other cases the 
analysis was carried out by adding a volume of tannic acid solution 
equal to the enzyme solution, filtering and determining the nitrogen in 
5 cc, of the filtrate. The difference between the nitrogen obtained in 
the sample with active enzyme and that in the sample with boiled 
enzyme then corresponds to the amount of peptones and lower digestion 
products formed. Therefore the nitrogen obtained after precipitating 
with tannic acid is always considerably less than the amount obtained — 
after filtering the acidified fluids. 

3. In a few of my analyses I have made the enzymes digest 
coagulated serum. 5 c.c, of serum were heated in the water-bath for 
half-an-hour and then digested with 5 c.c. of the enzyme solution. The 
analyses in all these cases was carried out by precipitating with 10 c.c. 
tannic acid solution. | 


Method of obtaining the Lreno-a-protease. 

According to the results of Hedin and Rowland, the juice pressed 
from disintegrated spleen cells shows a very strong proteolytic action 
in an acid medium, whilst there is no action or only a very slight one in | 
an alkaline medium. This does not necessarily imply that there is no 
enzyme acting in an alkaline medium present in the spleen; there may 
be one which is kept back in the press cake. Having failed to find any 
enzyme acting in alkaline solution in the juice, I therefore experimented 
with the mixture of spleen mass and silver sand, obtained when the 
spleen is ground and not pressed, and later on with the minced spleen 
simply without any grinding process. As a fact I have not been able 
to find any difference between the ground and the unground spleen mass 
so far as the amount of proteolytic enzymes is concerned. When the 
spleen mass is mixed with water and digested, it behaves very much 
like the pressed juice in so far as it shows a strong digestion with 0°2°/, 
acetic acid, but the action in the presence of 0°25°/, Na,CO, seems to be 
_ more marked than in the juice, as borne out by the following rough 
estimation. 

20 grams of a mixture of ground spleen mass and sand were ieee wis 20 ¢.c, of 
water.. The nitrogen not precipitable by tannic acid was determined in different speci- 


mens, before and after digestion, by adding 20 ¢.c. of tannic acid solution and estimating 
N in 5 ¢.c, filtrate. The N corresponded 


before digestion to 71 co acid. 
after 16 hours, digestion with 0-2 1, acetic acid to 14-2 


” ” 0°25 Na,CO, to 9°0 
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fluid. The figures obtained with NaCl were : 
Digestion with 0°25 Na,CO, +3 °/, NaCl ... 98-c.c. acid. 


- That the digestion in alkaline reaction is due to a special enzyme, I 
have been able to prove by separating it from the enzyme acting in an 
acid medium. The method, finally adopted for this ee was as 
follows, see table I. 


TABLE 


The minced spleen is digested with . 
0-1—0°2°/, acetic acid for 16 hrs. 


(H) Viltrate (A) 
is extracted with contains £-protease 
5 NaCl for 16 hours 
Residue 


is for 1-9 days. 


Filtrate (C) | Precipitate (P) 


is eee with contains a-protease 
Precipitate (R) Filtrate contains 
contains a- rotease. no enzymes 
I dialysed 
Residue (U) __. Filtrate (¥) 
contains a-protease contains a- and §-protease 


_ One minced ox spleen is digested for 16 hours with 2 litres water 
and 10—20 c.c. of 20°/, acetic acid. Chloroform and toluol are used for 
preventing fermentation. During this digestion most of the soluble 
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proteids present are digested by means of the -protease and the 
solution can easily be filtered off. The filtrate (A) contains 8-protease, 
which can be precipitated by saturating with Am,SO,, and after dialys- 
ing away the salt can be made to act in the presence of weak acetic 
acid, there being no action in an alkaline medium or only a very weak 
one. The residue H of the spleen mass is washed with water till the 
washings show no acid reaction, whereupon it is extracted with 2 litres — 
5°/, NaCl solution for 16 hours at 37°. At the end of that time the fluid 
is filtered and the filtrate (B) is dialysed for 24 hours. A very scanty 
precipitate (P) formed during the dialysis acts rather strongly in an 
_ alkaline medium and much less in an acid. It therefore contains 
a-protease, 


Exp. 1. Showing the activity of precipitate P. 

The precipitate was dissolved in 0°25°/, NasCO, solution. 10 ¢.c. of the resulting 
fluid was digested with 2 gr. fibrin. To another similar sample 0-2 c.c. 20°/, acetic acid 
was added, the resulting acidity corresponding to about 0-2 °/, acetic acid. Thus the 
- digestion was performed in alkaline and in acid medium. Control specimens contained 
boiled enzyme. Analyses were carried out by determining the nitrogen not precipitable 
by tannic acid as indicated above. 


8°6 

2. With acid. N corresp. to 3-0 ,, 

Control 


The bulk of the a-protease together with much §-protease remains 
in the solution on dialysing. From this the enzymes can be completely 
precipitated by adding acetic acid up to 0°2°/. The precipitate (R) 
sometimes acts more strongly in an alkaline sometimes in an acid 
~ medium, When it is not required to effect a separation of the two 
enzymes this precipitate is the most convenient and strongest form in 
which to investigate the a-protease. 

If the precipitate obtained from one ox spleen is dissolved in 100 cc. 
0°25 °/, Na,CO, solution, then 5c.c. of the obtained solution generally 
breaks up one gram pressed fibrin in one night at 37°. 

The separation of the two enzymes I have not been able to effect 
without a considerable loss in activity and even then it is uncertain 
whether the separation is complete. 

The a-protease can be freed from the aoidads-oko any rate toa 
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certain extent—by suspending the precipitate R in water and adding 
Na,CO, till the fluid no longer shows a reaction acid to litmus. By the 
action of the Na,CO, added part of the precipitate is dissolved. The 
mass is dialysed for 16 hours and filtered. The residue (U) on the filter 
when thoroughly washed shows a much stronger activity in an alkaline 
medium than in an acid, whilst the filtrate (F) in most cases acts both 
at alkaline and at acid reaction with about equal strength like the 
precipitate R, 


The following experiments show the activity of the residue U and the filtrate F com- 
pared with precipitate R. | 

Exp. 2. Digestion with fibrin. N-determination in the filtrates from the acidified 
fluids after 3 days. jis 


Precipitate R Residue U Filtrate F 

1, With 0°25 Na,CO,. N corresp. to 25°6 c.c. n, acid 20°8 c.c. c.c. 
Control 11°4 ,, 2-0 3°4 
14-2 ,, 188 3-8 
2. With 0-2), acetic acid 31°8 ,, 76 20°4 
Control 10°2 ,, 2-0 34 
21°6 ,, 56 17-0 


Exp. 3. Digestion with coagulated serum (5 c.c. coag. serum + 5 ¢.c, enzymesol). 


N-determination in the tannic acid filtrate after 3 days. 


Precipitate R Residue U Filtrate F 
1. With Na,CO, 21:0 n. acid 9°8 c.c. 58 0.0. 
Control 20 1-2 16 
| 19°0 8°6 4-2 
2. With acetic acid 17-0 30 36 
«Control 2-0 » 12 
150 ” 18 2°0 
Exp. 4. This exp. was performed exactly like Exp. 3. 
Precipitate R Residue U Filtrate F 
1. With NaCO, 11-0 n. acid 8-2 0.0. 46c.c. 
Control 16 0°8 12 
8-4 
2. Withaceticacid 72 18 44 
Control 16 0-8 12 


The residue U therefore contains a-protease with either no or very 
little B-protease, whilst filtrate F contains both enzymes. 
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A more complete separation of the two enzymes although with a 
considerable loss in activity can be performed by aid of Am,SO, In 
this case the filtrate B is treated in a way different from that described 
above. It is not dialysed but about half saturated with Am,SO, by 
adding about 300 grams salt to one litre fluid (see table IT), 

The precipitate formed is dialysed with a little water for 2—3 days 
till the Am,SO, has disappeared. The residue (S) remaining undis- 
solved after dialysing contains the a-protease, and the solution (G) the 
B-protease. On full saturation with Am,SO, much more -protease is 
obtained but very little increase in the amount of a-protease. In the 
following two experiments the effect of the precipitate R, obtained from 
part of the filtrate.B, is compared with the effect of the residue S and 
of the solution G. | | 


Tasie II. 


Filtrate Bis ~ 
half saturated with Am,SO, 


Precipitate is Filtrate contains 
dialysed 2—8 days mainly £-protease 
Undissolved residue (8 . Solution (G 


Exp, 5. Digestion with fibrin. N-determination in the “acid filtrates ” after 5 days. 


Precipitate R Residue Solution 
1. With Na,00, 142.0. acid 8-0 8B oc. 
Control 2-4 2-2 
56 
2. Neutral reaction 18-7 4°0 
 Gontrol 77 16 
10 
8. Withacetioncid 248 2:5 21-2 
Control 1-7 2°0 
ies, 08 192 
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162 @ HEDIN. 
_ Exe. 6. Digestion with fibrin. Analysis after 5 days with tannic acid, | 


With Na,CO, 0.0. n. acid 80 
2. Neutral reaction 21:0 42 64. 
Control 7-2 ” 26 j 20 | 
13°8 1% 
8. With aceticacid 26 6-2 
54 


With this method the a-protease (residue S) is obtained free or 
nearly free from §-protease, whilst the B-protease (solution G) seems to 
_ have contained some a-protease—at any rate in Exp. 6. 

The safest way of preparing 8-protease from the precipitate R free _ 
from a-protease is to digest the precipitate R with 0'2—0-4°/, acetic 
acid at 37° for about 16 hours. The effect of the acetic acid is to call 
the 8-protease into action; the proteids combined with it are digested 
and part of the enzyme becomes soluble in weak acetic acid, whilst the 
a-protease remains undissolved. The filtrate therefore practically acts 
only in an acid medium, whereas the residue acts both in alkaline and 
acid medium, as borne out by the following experiments. ae 


Exe. 7. Digestion with fibrin. N-estimation in the “acid filtrates” after 5 days. 


1. With Na,CO, 0.0. acid 806.6. 
2. With acetic acid 24°8 ne 17°6 16°4 
60 16 28 
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Exp. 8. Digestion with fibrin. N determination was performed inthe ai 


| Control 10 146 . 
| 08 
2. Tannicacidfiltrate $188 , 
Control 70 ,, 
04 
Digestion with acetic acid: | 
8. Acid filtrate 23°6 
Control 105 14°2 
4. Tannic acid filtrate | 150 
Control 72 126 


Since no a-projenne has been found in the acid extract (filtrate A) 
of the spleen, we. must conclude that the enzyme is present in such a 
form that it is not soluble in weak acetic acid. Neutral salt solutions 
on the contrary dissolve it, and after removing the salt by dialysis the 
enzyme can be completely precipitated with very weak acetic acid. 
This precipitate always contains phosphorus but no purin bases, and 
since it is soluble in 0°25 °/, Na,CO, and can be precipitated again with 
acetic acid, it must be or at any rate contain a nucleoalbumin. But if 
acetic acid is added to the 5°/, NaCl extract of the spleen (filtrate B) 
without removing the salt, then a nucleoalbumin comes down without 
containing any a-protease. In this case I have been able to show its 
presence in the filtrate by dialysing away the salt, and adding 0°2°/, 
acetic acid, which precipitates some more nucleoalbumin together with — 
some enzyme. The rest of the enzyme can be obtained from the filtrate 
by dialysing away the acid, adding a solution of the nucleoalbumin 
free from enzyme and precipitating again with 0°2°/, acetic acid, in 
which case the precipitate contains the enzyme. 

These experiments seem to prove that the enzyme in absence of salt 
_ readily combines with nucleoalbumin ; if sufficient nucleoalbumin is pre- 
sent, then the enzyme is quantitatively precipitated by acetic acid, but if 
the amount of nucleoalbumin is not sufficient to bind the enzyme, then 
part of the — is found in the filtrate from the precipitate with 
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acetic acid. According to the above facts the enzjme may occur in two 
forms : 

I. Combined with a nucleoalbumin. * In this case it is not — 
in weak acetic acid but soluble in weak Na,CO,. 
~ TI. Net combined with nucleoalbumin, in which case it is soluble i in 

weak acetic acid. 
The first of these forms can be converted into the second by re- 
moving the nucleoalbumin with acetic acid in presence of salt; the 


second can be transformed into the first by adding nucleoalbumin and 
acetic acid, 


Other properties of the a-protease. 

Concerning the products of the activity of the a-protease as yet no 
conclusive investigations have been carried out. After 3—4 months’ 
digestion of fibrin a distinct biuret reaction is obtained, ‘even if ag 
enzyme is added at intervals, 

If an alkaline solution of the combination of a-protease and ihe. 
albumin is shaken with fibrin, then a large amount of enzyme is taken 
up by the fibrin. 

The enzyme seems to be very stable. A solution of the nucleo- 
_albumin-enzyme in weak Na,CO, showed a distinct activity after 3 weeks 
at room temperature. Blood heat is more destructive, but even one night 


at 37° does not —_— destroy it, as can be concluded from the following 
experiment. 


_ A mixture of a- and 8-protease was tried by digestion with fibrin, and N-estimation was 
carried out in the “ acid filtrates ” after 3 days. 


1. With Na,CO, 21°4 n, acid, 
Control ” 
“a: 
2. Withaceticacid 160 
Control 52 
9°8 ” 


hich of the enzyme mixture were kept at 37° for 16 hours with Nag00,, at 
neutral reaction and with acetic acid, whereupon their activity was tested again. 


After 16 hrs. digestion with NagCO, 
1. With Na,Co, 21°0 n. acid 19°6 17*4 
Control 110  ,, 9°8 78 
9°8 9°6 
2. With aceticacid 16°4 14°6 
Control Hd 9°8 78 
6-8 
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In this experiment the a-protease was weakened to about the same 
_ extent in alkaline, neutral and acid reaction, whilst the 8-protease was 
most weakened in an alkaline medium, 

A solution of the compound nucleoalbumin-a-protease in 0°25°/, 
Na,CO, is considerably weakened by half-an-hour at 55°, but it is not 
completely destroyed—not even at 60°; but after half-an-hour at 65° no 
activity could be seen. 

Since it might be suggested that the lieno-a-protease may be 
identical with trypsin, I have carried out some investigations on the 
trypsin as regards its activity in presence of Na,CO, and of acetic acid — 
and concerning its combination with nuclecalbumin piste from the 
spleen. 


Ox pancreas was treated in the way described above thie obininind the lieno-a-protease 
and with Am,SO, products were separated corresponding to a- and f-protease. Both of 
them digested more strongly in alkaline than in acid solution, a the difference was 
not nearly so large as with the lieno-a-protease. 

Digestion with fibrin. Testing with tannic acid after 2 days. 


Trypsin corresponding to a-protease Trypsin corresponding to -protease 

Control 5-0 2-4 
2. With 0°2°, acetic acid 24°5 23-2 
Control 2-4 
19°5 is 20°8 


In the activity of the two products there was therefore no difference 
as far as the reaction of the medium was concerned, and both in all 
probability contained the same ehzyme, which in the case corresponding 
to the a-protease was combined with some nuclein substance and there- 
fore was not soluble in water. i 

If a solution containing both spleen enzymes and not giving any 
precipitate with weak acetic acid is added to a solution of nucleo- 
albumin, prepared. from ox spleen and heated to 65°, and the mixture 
is precipitated with weak acetic acid, then the nucleoalbumin takes 
down the enzymes. When this precipitate is digested with weak acetic 
acid, only the 8-enzyme is set free and is found in the solution. This 
solution therefore acts only in an acid medium and not in an alkaline 
(see p. 162). 

If the trypsin is treated with spleen-nucleoalbumin i in the same ways, 
then a precipitate is obtained which contains trypsin. On digesting 
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166 
with 0°3"/, acetic acid a solution is obtained, which acts in alkaline and 
in acid solution like the original trypsin. 


5 c.0, of coagulated serum was digested with 5 c.c. of the trypsin solution so obtained. 
Analysis after 8 days’ digestion with tannic acid. 


1. With 025°), Na,CO, 10°2 0.0. n, acid, 
Control 07 
, 9°5 
2, With 0°3°/, acetic acid 4°4 


The lieno-a-protease therefore differs from trypsin in the following 
respects. 


a-protease Trypsin 
Acts very slightly upon fibrin in an Acts upon fibrin nearly as strongly in 
acid medium. 0°2 °/, acetic acid as in 0°25 °/, Na,CO,. 
On acting upon the combination of On acting upon the combination of 
a-protease and spleen-nucleoalbumin with Pasig and spleen in with 


0:3 °/, acetic acid at 87° no enzyme is set | 0°3%, acetic acid at 87° trypsin is set 
free, free. 


The products of digestion give an evi- During digestion the biuret reaction 
dent biuret reaction even after weeks of eventually disappears. | 
digestion, 


Anti-enzymes of the a-protease. 

If the a-protease is made to act upon ox serum, then sither no 
digestion or only a very slight one takes place. The action is consider- 
ably stronger if the serum is coagulated by heating upon the water-bath 
for half-an-hour before the digestion hut not if the serum is heated to 
55° for half-an-hour. 


Exp, 1, Analysis with tannic acid. 


a-protease+6 ¢.¢. serum. Before digestion Be 


After 10 days’ digestion : 
5 a-protease + 5 c.c. serum heated to 55° 11 


boiled serum 75 
Exp. 2. Analysis with tannic acid after 3 days’ digestion. 
a-protease + 5 c.c, serum 18 0.0. acid. 


Exr. 3. Analysis with tannic acid after one week. 


5 a-protease +5 6.0. serum +2 gr. fibrin 


0°25°/, Na,CO, + 2gr. 100 
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‘From these experiments we must I thiuk draw the inference that 
ox serum contains an antibody (anti-enzyme), which is not destroyed — 
when the serum is heated to 55°, but is destroyed when it is heated to 
100°, 

‘I have tried to make out which fraction of the serum proteids 
contains the antibody by fractionating the proteids with Am,SQ,. 
According to Spiro’ the fraction coming down on about one-third 
saturation of the dilute serum is termed euglobulin, the one obtained 
between one-third and half saturation” pseudoglobulin, and the portion 
precipitated between half and full saturation albumin. All fractions 
were dialysed till Am,SO, had disappeared and then 0°25°/, Na,CO, was 
added. Their influence upon the — power of the — was 
‘tried in the following way. 


Exp. 4. Analysis with tannic acid after 10 days’ digestion with fibrin. 


»  @uglobulin solution 11°4 ” 


»»  pseudoglobulin solution 5°8 
»» boiled pseudoglobulin 10°6 
» albumin solution 82 


” ” boiled albumin solution 10°4 


‘Exp, 5. Digestion of 5 0.0, coagulated serum with the solutions as indicated below, 
Before the digestion : 


5 0.6, a-protease + 5 0.0. euglobulin solution 29 0.0. 5m. acid 
” »  pseudoglobulin solution 22 ” 
» albumin solution 2-4 


After 2 days’ digestion. 
¢.¢. a-protease + 5 ¢.c. euglobulin solution 4°8 
» boiled euglobulin solution 6-0 


” pseudoglobulin solution 28 
” » albumin solution 2°6 
» boiled albumin solution 


In this case the proteid fractions were prepared from 400 cc. of 
blood ‘and the volumes of the obtained fractions were: euglobulin 
fraction 50 c.c., pseudoglobulin fraction 100 c,c., albumin fraction 400 c.c. 

As regards the influence of the euglobulin fraction these experiments 
are not conclusive, Exp. 4 giving an increase and Exp. 5 a slight 
diminution in the activity of the enzyme, but the pseudoglobulin 


1 Fuld u. Spiro, Ze Zeitschr. f. physiol. Chem, p. 182. 1900; Porges u. 
Ibid. xxxvi. p. 407. 
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fraction and more markedly the albumin fraction diminish the effect 
_of the enzyme, the diminishing influence disappearing on boiling. 

Since the effect of the euglobulin fraction had not been settled, I 
carried out one experiment, in which the precipitate coming down on 
dialysing ox serum was tried. This precipitate corresponds roughly to 
the part of the euglobulin fraction not soluble in water, and it might 
therefore be expected to have about the same effect as the — 
It was washed and dissolved in 0°25 Na,CO, solution. 


Exp. 6. Digestion with fibrin. Analysis after one week. 


5 6.0. a- ¢.c. Na,CO, solution 5:2 c.0. n, acid. 


10 
»» precipitate solution 9°6 
»» boiled precipitate solution 5°6 


The experiment shows an increasing influence of the globulin, — 
coming down on dialysing the serum, upon the effect of the a-protease, 
this influence disappearing on boiling. Further investigations are being 
carried out as to the nature of the substance causing the increase. 

The substance or substances in ox serum checking the 
activity of the a-protease are mainly contained in the albumin 
(and pseudoglobulin) fractions, whereas the euglobulin fraction 
as well as the globulin, precipitated on oe in some cases 
increases the activity. 

Since the fresh spleen always contains some serum, and this ought 
to be-found in the pressed juice, we must expect that the pressed juice — 
should check the activity of the a-protease. In fact this has been found 

to be the case, as borne out by the following experiment. 


Exp. 7. To pressed spleen juice Na,OO, was added to 0°25°%/,. The juice was 
Before digestion : 


5 6.c. a-protease +6 6.. spleen juice 6-4 mn. acid, 
After 2 days’ digestion : . 
5 ¢.c. a-protease + 5 c.c, juice 180 
mn », juice heated 4 hour to 60° 13°5 ie 


», juice heated 4 hour to 100° 15°5 


The experiment shows that the substance which checks the action 
is not affected by a temp. of 60° but is destroyed at 100°. , 

Not only the ox serum but also pig and horse serum diminish the 
effect of a-protease, obtained from the ox — as can be | seen from 
the following experiments. 
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_ Expr. 8. Before digestion: 


5 a-protease +5 c.c. pig serum 15 cc. acid. 
After 8 days’ digestion : ; 
5 c.c. a-protease + 5 c.c. pig serum 


serum heated to 100° 9°4 


Exp. 9. Before digestion: 


¢.c. a-protease +5 c.c. horse serum 1°6 c.c. acid. 
After 3 days’ digestion : | 
5 ¢.c. a-protease +5 c.c. serum 379 is 


Antibodies of enzymes have been found before in normal serum and 
other animal tissues in several cases). Hammarsten and Rédén' 
observed that horse serum prevents the coagulation of milk, which 
property Fuld and Spiro’ found to be attached to the pseudoglobulin, 
whilst the euglobulin accelerates the coagulation. The anti-tryptic 
action of normal serum has been demonstrated by Hahn*, Camus and 
Gley‘, Landsteiner’, who found the anti-tryptic activity to be bound 
to the albumin fraction, and by Glaessner’, who found it in the 
euglobulin fraction. Weinland’ showed an anti-tryptic activity of 


extracts of the small intestine and an antipeptic action in the wall of 
the stomach. | 


Lieno-B-protease. 


The spleen enzyme acting in an acid medium can be obtained in 
different ways. These are as follows: 

1. The easiest way is to digest the minced spleen with water 
containing 0°2—0°3°/, acetic acid, filter after 2—3 days, digest the 
filtrate for 3—-4 days more, filter again and saturate with Am,SQ,. 
After removing the salt from the precipitate by ra rs the — 
solution can be used for digesting proteids. 


1 Upsala likarefirenings forh. xx. p. 546. 

Zeitschr. f. physiol. Chem. p. 182. 1900. 
Berl. klin. Wochenschr, 1897. 

* Compt. rend, de la Soc. de Biol. No. 5. 1900. 

5 Centralbl. f. Bacteriol. 1900. 

® Beitr. z. ch. Physiol. u. Path. tv. p. 79. 1903. 

1 Zeitschr. f. Biol. 1902. 
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_ Exp. 1, Digestion with fibrin, Control specimens contained boiled enzyme. Diges- 
tion was carried out with 0°25 °/, Na,CO, in neutral solution and with 0°2°/, acetic acid. 
After 4 days’ digestion N was estimated in the “ acid filtrates.” | 


1. With Na,00, acid, 


3. With acetic acid 20°2 


17°4 


Exp. 2. Digestion with fibrin. After 4 day dgstion wa in the “acid 


filtrates” and in the tannic acid filtrates. 


After digestion with Na,CO, : 
1, Acid filtrate acid. 

Control 
és 
2. Tannic acid filtrate 22 ” 
Control ee 12 ia 
10 

After digestion with acetic acid : 
8. Acid filtrate 26°8 ms 
Control 8-0 
23°8 
4. Tannic acid filtrate 8°6 
Control - 


‘ ‘These experiments: therefore show a very strong activity in the 
presence of acetic acid, although there seems to be a slight action in 


an alkaline medium too. 


2. Another way of.obtaining the.8-protease is to digest the pressed 
spleen juice with 0°2—0°3°/, acetic acid for 5—7 days, filter and saturate 
with Am,SO, in the way just mentioned. The activity of the enzyme 
thus obtained is the same as of the _— prepared in the way set forth 


1. 
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Exp. 8. Analysis of the “' acid filtrates” after 8 days’ digestion with fibrin. 


WithNa,0o, 6°6 0.0. acid. 
Control 54 
2, In neutral medium 
Control : 59 
27 
3. With acetic acid 25°5 
Control 


_ 3. If pressed spleen juice is diluted with 3—4 volumes of water 
and 0°2°/, acetic acid is added, then a precipitate is formed which 
contains §-protease. If it is filtered off and acted upon with 03 °/, 
acetic acid at 37° for 16 hours, then the solution obtained on 
filtering contains B-enzyme, as shown by the following experiments. 


Digestion with fibrin. N-estimation in the “acid filtrates” after 6 days. 


| Exp. 4, Exp. 5. 
1, With Na,CO, 9°8 0.0. 75 acid 6°4 
Control 9°2 aa 6°4 
2. With acetic acid 24°6 21°38 
Control 92 66 
15°6 15:2 


The residue not dissolved in 0°3°/, acetic acid, and obtained on 
filtering off the enzyme solution, can partly be dissolved in_very weak 
(0°25°/,) Na,CO, solution, and in this solution a precipitate is produced 
by weak acetic acid. This precipitate always contains phosphorus, and 
since it does not give any purin bases on boiling with acid, it contains a 
pseudo-nuclein (Hammarsten) or para-nuclein (Kossel). When an 
alkaline solution of this substance is added to a solution of the B-enzyme, 
then acetic acid, if added up to 0°2°/,, produces a precipitate, which 
contains the §-protease. If no salt is present, all of the enzyme seems 
to be taken down. Since the enzyme can be split off again by the 
action of acetic acid, this precipitate corresponds in a way to the preci- 
pitate formed by adding acetic acid to the fresh juice. In both cases 
it is very difficult to regenerate the whole amount of the enzyme from 
the precipitate. Even after digestion with acetic acid for several days 
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some enzyme sticks to the precipitate, and this remainder can only be 
_ obtained in solution by redissolving the nuclein in Na,CO,, precipitating 
and digesting again with acetic acid. The enzyme solution obtained 
' with ‘acetic acid always gives a distinct biuret reaction. 

4. Finally, the 8-protease can be obtained, when the a-protease is 
prepared. According to the table (p. 158) eventually a precipitate is 
obtained by adding acetic acid to the filtrate C, which precipitate (R) 
contains a-protease and §-protease. By acting on this precipitate with 
0°3°/, acetic acid at 37° for 16 hours, part of the 8-protease is dissolved, 
the a-protease remaining in the residue (see p. 161). The precipitate 
R being soluble in weak Na,CO, and containing phosphorus suggests 
a@ comparison with the precipitate from which the §-protease was 
obtained, sect. 3, and in principle the two ways of obtaining the 
8-protease seem to be identical. : 


Remarks upon the above methods. 


By aid of the methods given in § 1 and 2, pp. 169, 170, the 8-protease 
is obtained immediately i in a form soluble in water and:-weak acetic acid, 
but if the enzyme is prepared as described sects. 3 or 4, it is obtained in 
the first instance in a form which is not soluble in water or acetic acid, 
but which can be converted into the soluble form by the action of acetic 
acid at 37°. The insoluble form seems to be a combination between 
nucleoalbumins and the enzyme, from which the enzyme is liberated by 
digesting the nucleoalbumins. As indicated above, the soluble form of 
the enzyme can be converted into the insoluble by adding a nucleo- 
albumin and precipitating with acetic acid. Not only para-nuclein but 
also nucleoalbumins and nucleoproteids are capable of combining with 
the 8-enzyme, and if no salt is present in the solution and a sufficient 
amount of the proteids is added, then the enzyme seems to be eer | 
removed from the solution. 


Properties of the B-protease. 

The products of the activity of the B-protease have been studied by 
Dr Leathes’. According to his results the cleavage process effected | 
by this enzyme is carried quite as far as by the trypsin, 

Like most or possibly all proteolytic enzymes the 8-protease is taken 
up by fibrin. As far as this enzyme is concerned the reaction of the 


This Journal, xxviu. p. 360." 1902. 
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enzyme solution is very important, the enzyme combining with fibrin 
only in an acid medium (0-2—0-4 */, acetic acid) and not in a neutral or 
alkaline solution. 


The §-protease is very stable. Kept for a fortnight together with 


_ toluol at ordinary temperature it shows no marked diminution in activity, 


and even after 34 months it showed an evident effect. 

The temperature at which the enzyme loses its activity depends 
very much upon the other substances present in the solution. Thus the 
fresh pressed spleen juice seems to act nearly as strongly at 60° as at 
37° in an acid medium, and we must conclude that the B-enzyme is not 
seriously affected by a temperature of 60°, this in all probability depend- 
ing upon the protecting influence of proteids present. An enzyme, 
obtained by precipitating with Am,SO, after 16 hours’ digestion, was 
destroyed by heating to 55° for half-an-hour in the presence of 02°/, 
acetic acid or 0°25 °/, Na,CO, but not in a neutral medium. When the 
enzyme is prepared from an isolated nuclein compound by digesting with 
acetic acid, then the solution contains only very little proteids, the 
biuret reaction being weak; in this case the enzyme is destroyed by 
55°, but not by 50° for half-an-hour in neutral solution. 

The alkaline reaction of the blood would prevent the 8-protease from 
acting if it were present there, and therefore a particular anti-enzyme 
would be without purpose. Experiments carried out with a view to 
finding antibodies in ox serum have been without success, the digestion 
with boiled and with unboiled serum giving exactly the same result. 

In order to compare the influence of acetic acid and of HCl upon the 
activity of the enzyme the following experiment was carried out, 


2 grms. boiled fibrin were digested with 10 c.c. enzyme solution, in the presence of the 


0°1 °/, acetic acit, N corresponds to acid. 


02 ” ” 9°6 ” 
0-4 ” ” 9°4 
0 ” ” 8-6 ” 
06 ” 78 ” 
08 HCl, 6°2 
0-1 ” ” 52 ” 


~ In another experiment unboiled fibrin was used and control .speci- 
mens contained boiled enzyme. N was estimated both in the acid 
‘filtrate and in the filtrate from the tannic acid precipitate. 
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0°3 acetic acid: 0:08 °/, HCl: 
Acid filtrate n.acid we. 
Control 12 1°2 
74 | 42 


In both experiments the influence of HCl was weaker than of acetic 
The B-protease cannot be identical with the pepsin. 


Digestion goes as far as with trypsin. 
Biuret reaction eventually dienppears, trypsin. Biuret reaction does not dis- 
appear. 
Acts stronger with acetic acid than | §Acté stronger with HCl than with acetic 
with HCl. acid. 


CONCLUSIONS. 


The results of the above investigations can be summed up as follows. 

1. The spleen of the ox contains two proteolytic enzymes, the one 
(a-protease) acting only or principally in an alkaline medium, and the 
other (8-protease) acting only or mainly in an acid medium. 

2. The §-protease can be obtained in solution by digesting the 
spleen with very weak acetic acid, and the a-protease (together with 
B-protease) by extracting the residue with sodium chloride solution, 
dialysing and precipitating with weak acetic acid. The precipitate 
contains both enzymes. 

3. Both enzymes have been obtained in two forms: 

a, Combined with nuclein substances, in which case they are not 
soluble in weak acetic acid. 

b. Not combined with nuclein substances and therefore soluble in 
weak acetic acid. : 

4, The form not soluble in acetic acid can be obtained from the 
soluble form by adding a nuclein substance atid acetic acid in absence 
of salt. . 

5. The soluble form of the a-protease can be onibaned from a salt 
solution of the unsoluble form by removing the nuclein substance with 
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acetic acid, and the soluble form of the 8-protease can be obtained from 
the unsoluble by digesting the nuclein substance in the presence of weak 
acetic acid. 

6. Ox serum contains antibodies of the a-protease but not of the — 


B-protease. 


The spleen enzymes in all probability are contained in the leucocytes 
of the spleen and there they may perform their functions. Thus they 
may effect the metabolism of the nitrogen inside the cells, and they may 
also have something to do with the digesting processes, which according 
to the view of Metchnikoff take place inside these cells during the 


‘phagocytosis. As to the significance of the 8-protease it should be 


remembered that the acid reaction required for its activity according to 
investigations carried out by Ehrlich and particularly by Metchnikoff 
and his pupils occurs at some places inside the leucocytes. Thus the 
reaction of the nuclei is considered to be acid, and the digestion of 
bacteria and other substances taken up by the leucocytes in most cases 
takes place inside the so-called digesting vacuoles, where the reaction as 
a rule is acid’, 

Whether the spleen enzymes may be active outside the leucocytes as 
well as inside is a question which cannot be settled at present. It does 
not seem to be impossible that the enzymes could leave the cells either 


’ by an act of secretion or perhaps by digesting some of the cells. Similar 


or perhaps identical enzymes seem to be present in several organs’ 

although not in such amounts as in the spleen, and there may be proteo- 

lytic enzymes present in the blood although their activity may be 

checked by antibodies*. Therefore I do not think that the spleen 

enzymes should at once be ranked with the so-called intracellular 
Metohnikoft. dame let maladie Pai 190 


2 Zeitechr. f. physiol. Chem. xxxm. p. 581. 1901.. 
Compt. rend. de la Soc. Biol. wv. No. 28. 1908. 
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ATROPINE AND THE HYOSCYAMINES—A STUDY OF 
THE ACTION OF OPTICAL ISOMERS. By ARTHUR 
R. CUSHNY, AM, M.D. (Two Figures in Text.) 


— ~ Pharmacological Laboratory of the University of 
Michigan, USA.) 


THE ie in the action of belladonna and hyoscyamus preparations 
has led to a number of researches on the relative power of their active 
constituents, and Ladenburg’s discovery that atropine and hyoscyamine 
are optical isomers has added further interest to the subject. The 
atropine used by most investigators was crystalline, and probably 
a fairly pure product, but the so-called “hyoscyamine” appears in the 
great majority of instances to have been merely a purified extract 
of hyoscyamus, which certainly contained hyoscine, and probably 
atropine and other bodies as well as the alkaloid hyoscyamine. It is 
scarcely necessary to state that such comparative studies are valueless 
unless the alkaloids are absolutely pure, and it is accordingly unneces- 
sary to discuss the results of these earlier workers’. Hellmann? used 
the hyoscyamine of Reichardt and Héhn, which was less contaminated 
than the ordinary hyoscyamine of that time, but appears to have been 
far from pure, and Eckhard*, Buchheim‘, Harnack®, Hartmann‘ 
and Gnauck’ all used the crystalline hyoscyamine prepared by Merck 
from hyoscyamus. This was undoubtedly an advance in the study 
of the alkaloids, but the well-known difficulty in isolating hyoscyamine 
and in preserving it unchanged suggests a doubt as to the purity of the 
preparations®, and this doubt is confirmed by the numerous contra- 
dictory results obtained by these observers. 


1 See Husemann’s Pflanzenstoffe, 2% Anflage, p. 1219. 1882, : 

* Inaug. Diss. Jena, 1878. 8 Beitriige z. Anat. u. Phys. ym. p. 1. 1879. 

4 Arch. f. exp. Path. u. Pharm. v. p. 471. 5 Ibid. yim, p. 168. 

6 Inaug. Diss. Gottingen. 1879. 
_ 7 Verhandl. der physiolog. Gesellsch. z. Berlin, Arch. f. Anat. u. Phys. p. 466. 1881. 

8 The unsatisfactory quality of the hyoscyamine (Merck) is demonstrated by the 
experiments conducted at Rusby’s suggestion in a number of laboratories, for in several 
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It appeared desirable to review the whole question, using absolutely 
pure alkaloids, and I gladly embraced an opportunity to do so offered 
me by the kindness of Drs Prescott and Schlotterbeck’, who had 
prepared a quantity of hyoscyamine from wee carniolica and of 
atropine from belladonna. 


The hyoscyamine was isolated from the mixed alkaloids of Scopola, which had been 
carefully extracted without the use of unnecessary heat or alkalis. These were dissolved 
in chloroform, which was allowed to evaporate until the alkaloids crystallised out, The 
crystals were redissolved in absolute ether and again collected as they crystallised, and 
this crystallisation from ether was repeated until the crystals gave a melting-point of 
107—108°C. Combustions for carbon, hydrogen, and nitrogen gave figures corresponding 
to those for hyoscyamine. Platinum chloride caused no precipitate in acid solutions of 
the hydrochloride, though. a double salt could be obtained by evaporation. Gold chloride 
gave a precipitate which rapidly turned to yellow crystals, which‘were recrystallised and 
. then melted at 159—160° C., corresponding exactly to the results obtained by Ladenburg. 
This gold salt does not melt in boiling water, as is the case with the atropine gold salt. A 
5 per cent. solution of the alkaloid in absolute alcohol examined in a Laurent apparatus — 
gave [a]p = ~21°43°, while Ladenburg obtained —21:8°, and Will found an average of 
~ 20°97°. 

The atropine was prepared from a mixture of atropine and hyoscyamine obtained from 
belladonna. The method adopted was a modification of that given by Gadamer, in which 
the mixed alkaloids were subjected to the action of sodium hydrate in absolute alcohol 
until the solution became optiaclly inactive. The alcohol was removed by distillation 
in vacuo, the atropine then redissolved in ether and allowed to crystallise as the 
ether evaporated. Its melting-point was 115—116° C., while that given by Bruhl is 
115—115°5°. 


These pure alkaloids were sent me for pharmacological examination. 
There is some reason to suppose that solutions of hyoscyamine change 
on keeping, and, in order to avoid this, fresh solutions were made up for 
each injection either of atropine or hyoscyamine. For this purpose 
a weighed amount of the alkaloid was dissolved in a few drops of water 
acidulated with hydrochloric acid, and the solution was then diluted 
to a suitable bulk with salt solution (0°7 per cent.). 

~The first experiments, twenty-three in number, were performed 
on frogs (Rana virescens); in a number of these I was assisted by 
Mr L. W. Famulener. In each experiment two frogs were selected 
which differed by not more than 2g. in weight, and generally varied 
less than 1 g. ; one of these received atropine, the other an equal weight 
of hyoscyamine. Doses of 1 mg, had no distinct action on frogs of about 
20 g. weight in winter; 2 mgs. induced marked effects in these small 


of these hyoscyamine sulphate was found to be almost inert (Proc. Amer. Pharmaceutic. 


| Assoc, xuix. p. 314, 1901). Of. also H. OC. Wood, Jun., Therap. Gaz., 1901, April 15th, 
p. 224. 


| Bulletin of Pharmacy, 1902, Feb., p. 55. 
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frogs, but not in others of 30—40 g. The initial symptoms were 
identical from each alkaloid, the frog becoming very quiet and only 
hopping away on continued irritation. The movements were at first 
normal, but soon a certain clumsiness became apparent, the frog alight- 
ing very flat from a leap, and often striking the table with its head. 
The hind limbs were drawn up more slowly than usual. When. laid 
on its back the animal recovered its ordinary position very quickly, 
but when this was repeated a number of times it returned with 
increasing difficulty and clumsiness, After some time marked coarse 
tremors accompanied each movement; the frog lay with its head on the 
table, the legs stretched out and often crossed or twisted. It made | 
- no attempt to escape, and returned from its back with great difficulty 
and clumsiness. After small doses (2 mgs. for 20 g. frogs, or 5 mgs. 
for 30—40 g. frogs), these symptoms gradually became less marked, and 
_ the animal returned to its normal condition in 24 hours. 

After larger doses, e.g. 10 mgs. for 20 g. frogs, the same symptoms _ 
appeared more rapidly and progressed further. The frog now lay 
helpless, making slight twitching movements when touched, but unable 
to return when placed on its back. When the foot was pulled a few 
feeble tremulous twitches followed in an unsuccessful attempt to 
_ withdraw it. At this point the atropine frogs often manifested an 
abnormal reflex irritability, for on touching the back or the lower jaw 
there was a feeble spasmodic jerk of most of the muscles of the body ; 
the hyoscyamine frogs did not exhibit this symptom. Frogs poisoned 
with 10—20 mgs. remained in this condition 20—30 hours, and then 
began to show symptoms of recovery. The twitches became stronger 
on irritation, and the animals returned when thrown on their backs. 
The progress of recovery could in fact be measured by the number 
of times they were able to resume the natural position. At first one 
effort apparently exhausted them, but later they could return a second 
or third time, and eventually six or seven times, Soon after this they 
began to crawl and finally to hop. 

During recovery, the reflex irritability of the atropine frogs was 
very much exaggerated, the animal passing into a short feeble 
strychnine spasm when the table was struck or when its back was 
touched. This feature -was less marked in the hyoscyamine frogs, 
_ though it appeared in these also during recovery, but only when large 
quantities (20 mgs.) had been injected. The spasmodic stage sometimes 
lasted for as long as 7—10 days im atropine frogs, while the animals 
treated with the same dose of hyoscyamine were generally quite normal 
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after 3 days. Asa general rule no complete tetanus was observed 
in the atropine frogs, the animal apparently being exhausted by a very 
short contraction of its muscles. 

The most characteristic feature common to these two poisons in the 
frog is the rapid muscular exhaustion which they induce, and apparently — 
each with equal readiness. The only difference noted was the much 
greater tendency of atropine to induce reflex spasms. 

The muscular fatigue was précisely similar to that induced by such 
poisons as coniine, gelseminine, etc., and may be elicited readily by 
- quantities of curare too small to induce complete paralysis'. That the 
action of the atropine and hyoscyamine was located in the terminations 
of the motor nerves was shown by applying a tetanising electric current 
to the sciatic nerve, when there was a rapid contraction of the muscle, 
but the legs soon fell, even though the current was continued. The 
muscles on the other hand responded normally to the tetanising series 
of shocks applied directly. I was unable to paralyse the nerve ends 
completely, except by such doses as killed the animal, apparently from 
failure of the heart. 

__[m the presence of this peripheral effect it is very difficult to 
determine whether the alkaloids have any depressant action on the 
central nervous system. But none of the symptoms pointed to any 


such depression, for the animals responded to external stimuli through- 


out the course of the experiment, apparently as readily as before the 
injection, and the disinclination to spontaneous movement did not 
seem greater than that manifested by frogs under a very small dose 
of curare. The general view that hyoscyamine has a depressant action 
on the central nervous system is sufficiently explained by the fact that 
practically all the experiments on which the statement is founded, were 
performed with a mixture of hyoscyamine and hyoscine. Still it seemed 
desirable to attempt. to determine the condition of the central nervous 
system more accurately, and for this purpose the following experiments 
were performed. A frog was pithed and suspended by the jaw; two 
fine wires were stitched through the skin of one foot and led to the 
secondary coil of an induction apparatus. The distance between the 
coils was noted at which the current passed through the foot was just 
sufficient to cause reflex movements of withdrawal, and when this had 
been ascertained hyoscyamine was injected into the lymph sac and at 
intervals any changes in the strength of current required were noted. 


1 Boehm, Arch. f. exp. Path, u, Pharm, xxxv. p. 16% 
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In some experiments the iliac artery was ligatured, in others this was 
omitted. Similar experiments were performed with atropine and others 
without any drug. The method of course makes no claim to accuracy, 
but the results failed to show that hyoscyamine has any effect upon the 
reflex response except in regard to the character of the movement, 
which is altered through the partial paralysis of the motor nerve ends. 
The strength of shock required to cause withdrawal of the foot did not 
change more after hyoscyamine than in the controls. On the other 
hand, in some of the experiments with atropine the foot was withdrawn 
after a weaker stimulus than was necessary before the drug was injected. 


Example. A frog prepared as described withdrew its foot with the coils at 20 om. 
distance, while no movement resulted at 21 cm. distance. 10 mgs. of hyoscyamine were 
injected, and 20 minutes later there was no change in the irritability. 50 minutes after the 
injection it still moved its foot with the coils at 20 cm., and at this time a current applied 


to the sciatic nerve caused a tetanus of the gastrocnemius which lasted only a few seconds, 
even when the stimulus was continued. 


Hyoscyamine then causes no depression of the central nervous 
system in the frog. Large doses are sometimes followed by some 
increase in the reflex irritability appearing only 24 hours or more after 
the injection. Atropine also seems to cause no depression, but induces 
a marked rise in the excitability of the spinal cord which appears earlier ‘ 
in the intoxication, and is much more pronounced than that induced by 
hyoscyamine ; it also follows from smaller doses and is more prolonged. 

A considerable number of frogs died from the effects of 20 mgs. of 
the alkaloids, and in these cases the heart was often seen to be abnorm- 
ally slow. In two experiments the effects of the alkaloids on the frog’s 
heart were contrasted by pithing the animals, exposing the heart, and 
then injecting the alkaloid into the dorsal lymph sac. Each alkaloid 
seemed to depress the heart to an equal extent, as evidenced by the 
progressive slowing of the rhythm. In accordance with this it was found 
that the mortality from the alkaloids in intact frogs was practically 
equal during the earlier stages of the action. Some atropine frogs died 
four or five days after the injection, before the reflex excitability had 
returned to the normal, but after the action on the motor terminations 
had begun to disappear. The number of frogs dying from atropine was 
thus greater than that from hyoscyamine, but this excess appears to be 
due rather to the specific action of the former on the spinal cord than 
to the changes in the heart and motor nerves which are induced by both 
alkaloids. | 


The effects of the alkaloids on mammals were investigated by injecting 
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them into white mice. In each experiment two animals were used from 
the same litter and of approximately equal weight, atropine being injected 
hypodermically into one, and the same dose of hyoscyamine into the 
other. The alkaloid hydrochloride was dissolved in 0'2—0°3 c.c. of salt 
solution. No difference could be made out in the action of the two 
alkaloids; 5 mgs. caused no distinct symptoms in mice of 12—15 g. 
weight ; 10 mgs. induced intoxication from which the animal recovered 
in 15—20 hrs.; 20 mgs. was fatal to mice of this weight, and in four 
experiments on mice of 20—25 g. weight 40 mgs. proved fatal. The 
first symptoms, generally appearing in 30—45 mins., consisted in some 
depression and lessened spontaneous movement, some tremor when a 
movement was made, and muscular weakness manifested in the head 
sinking to the table. The respiration was rapid and laboured. Later, 
the tremor became more marked and was accompanied by muscular 
twitching; the reflex irritability seemed exaggerated, and increasing 
weakness was shown by inability to recover when placed on the side or 
back although tremulous efforts were made to do so, and these often 
culminated in clonic convulsions. Still later paroxysms of tremor and 
spasm alternated with intervals of rest during which the respiration was 
found to be much slower than normally. These intervals became 
longer and the paroxysms weaker, the respiration became irregular and - 
often assumed the Cheyne-Stokes type. Finally, no response was made 
to pricking the tail and other stimuli, and soon afterwards the respira- 
tion ceased. Up to a late stage in the intoxication the animal at 
intervals made well coordinated movements such as efforts to escape, 
when the tail was pinched, or to recover when placed in abnormal 
positions. These seemed to be frustrated more by muscular weakness 
than by actual failure of coordination. In some cases the tremors’ were 
the chief features pointing to motor stimulation, in others well-developed 
clonic convulsions appeared. | 

Hyoscyamine and atropine thus appear to act in exactly the same 
way and with the same potency on the central nervous system of 
mammals, while in frogs there is a distinct difference in their effects 
on the spinal cord. 

The most characteristic action of atropine is that exerted on the 
terminations of the neurons in the heart, secretory glands, and un- 
striated muscle, and this was the point to which most attention was 
devoted. A single experiment was sufficient to show that hyoscyamine 
and atropine act similarly on these organs, for after hyoscyamine the 
pupil is dilated, the mouth dry, and the heart remarkably accelerated 
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in the cat. But these alkaloids proved to act very differently when 
their action was investigated quantitatively. The potency of drugs 
may of course be compared by introducing each into a series of animals, 
but here an inaccuracy arises from the variations in individual suscepti- 
bility, and this could only be eliminated by an enormous number of 
experiments. I preferred to investigate the relative activity of the 
drugs on an organ by comparing the effects on a single animal to which — 
they were administered on successive days. T'wo sources of error are 
present here, first, the variation in the condition of the animal investi- 
gated on successive occasions, and secondly that arising from a tolerance 
for the alkaloids being developed. The first is however smaller than 
that in different individuals, and was reduced as far as possible by 
keeping the animal on a uniform diet and administering the drug 
at the same interval after food and at the same hour of the day. In 
regard to the second danger, that arising from tolerance being gained, 
IT could not find any distinct evidence of this, and in my later experi- 
ments endeavoured to eliminate the error by giving atropine and 
hyoscyamine alternately so that there might be an equal opportunity 
to obtain tolerance for each. 
In order to ascertain the relative activity of the alkaloids on the 
- nerves supplying unstriated muscle, the dilation of the pupil following — 
hypodermic injection was chosen; this method has the advantage over 
instillation of permitting an exact dosage. The minimal quantity of 
each alkaloid was determined which was sufficient to cause a change in 
the size of a cat’s pupil exposed to direct sunlight. A rough estimate 
was first made by daily injections, but later an interval of 48 hours inter- 
vened between the injections, while the pupil returned to its normal size 
in 2—3 hours after the minimal doses. The cat weighed 1500 g., and the 
drug was injected in the back, after which the animal was placed in a 
box with its head protruding through a hole in the lid; the box was 
placed so that the sunlight fell directly in the eyes. It was found that 
0°025 mg. of hyoseyamine injected hypodermically caused distinct 
dilation of the pupil in half-an-hour, passing off an hour later; 
0020 mg. caused barely perceptible dilation, and 0010 mg. was not 
followed by any effect. Atropine in doses of 0°06 mg. induced very 
distinet dilation, while that following 0:04 mg. was barely perceptible, 
and 0°03: mg. had no effect. Hyoscyamine therefore acts twice as strongly 
as atropine on the pupil when each is injected hypodermically. 
Another cat was used to estimate the relative activity of atropine 
and. hyoscyamine on the inhibitory terminations in the heart muscle. 
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The cat, weighing 2600 g., was tied on a holder without anesthesia and 
the pulsations of the heart counted. A piece of cotton-wool soaked in 
dilute ammonia was approached to the nose, and the reflex arrest of — 
the respiration and the slowing of the heart noted. The alkaloid was 
then injected hypodermically in the abdomen and the changes in the 
heart rate observed. The ammonia test was applied at intervals, and 
after some time the heart was found to be no longer slowed by it, while 
the arrest of the respiration followed as at first. The observation 
was continued until the slowing of the heart from ammonia returned, 
and generally for some time longer. The failure of the ammonia to 
cause inhibition was obviously due to changes in the — 
terminations, for in unpoisoned animals the test can be repeated su 

fully at five minute intervals for hours. The persistence of the allies 
reflex and the return of the cardiac inhibition as the alkaloidal action 
passes off show that the absence of inhibition is not due to changes 
in the sensory terminations of the nose caused by ammonia. Care was 
taken not to apply ammonia longer than a few seconds at a time. The 
failure of the inhibition was also indicated by the accelerated rhythm. 
Four weeks before the animal was used for the finer estimations, it 
received 0°5 mg. atropine, and the heart rate rose from 175 per minute 
to 288—-296, when ammonia caused no slowing. A milligram given two — 
days later caused an equal acceleration, and in this animal I found the 
inbibition invariably powerless when the rate rose to above 260 per minute, 
while some slowing could always be elicited by ammonia when the rate 
did not exceed 250. During such very rapid rhythm there was some 
difficulty in counting the beats accurately, but I found that in a very 
still room after some practice it was possible to count at the rate-of 
300 per minute, using a stop-watch which marked } secs. After.aseries 
of experiments on another cat of about the same weight had indicated 
that atropine paralysed the vagi in quantities of about 0°] mg., the 
following series was carried out (Table I.). The numbers indicate the — 
rate per minute before the injection and from 6—100 mins. afterwards. 
When ammonia failed to cause any slowing the figures are in heavy type, 
while italic type indicates that the anit was doubtful, H indicates 
hyoscyamine, A. atropine. 

In this series hyoscyamine saad exactly twice as powerful as atro- 
pine, the former paralysing the vagi in quantities of 0°06mg., while 
0°12 mg. of atropine was necessary. In another cat 0°037 mg. hyoscya- 
mine proved sufficient, while 0:06 mg. of atropine was required. 
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Taste I, 
Date Dose Rate A 
Aug. inmg. Alkaloid before 18 vr vw wr 
19 0025 H 192 180 168 195 210 956 240 238 236 200 
20 O08) HH 164 186 184 248 252 244 238 240 
22 0°05 H 164 +180 180 212 252 252 236 224 204 192 204 
23 «(0-06 H 164 200 212 206 260 250 240 240 232 212 
Ss 006° CA UCU 208 212 228 260 228 220 240 240 240 192 200 
26 #86008 A 180° 184 204 220 256 240 232 2382 220 220 212 200 
27 «(012 A 164 164 240 288 276 260 252 250 252 248 204 192 
2 006 H 192 180 200 252 240 240 940 208 
9 0-10 A 164 » 164 192 236 240 240 240 228 228 208 200 


Very much smaller quantities of the alkaloids were sufficient to 
accelerate the heart to a considerable extent. For example, 0°031 mg. 
of atropine caused an acceleration of some 40 beats per minute. This 
acceleration without complete paralysis appears similar to the partial 
paralysis of the nerve ends in striated muscle by small doses of curare. 
Very often the acceleration was preceded by some slowing of the heart, . 
this: seeming to be more marked when small doses were used than in the 
case of larger quantities. | 

The action of the alkaloids*on the terminations of the secretory 
nerves was tested in the salivary gland of a dog weighing 7 kg., in 
which a permanent submaxillary fistula had been established about a 
month previously. Some difficulty was experienced in measuring the 
amount of saliva at first, and the most satisfactory results were obtained 
by weighing pieces of cotton-wool, collecting the saliva from the fistula 
on this for five minutes and reweighing the wool. When the secretion 
was very abundant the period of collection was shortened. The dog was 
fed at 7 a.m. and in the first series the estimations began at 9.30. The 
normal secretion varied within wide limits, any excitement increasing it ~ 
4—5-fold. After the normal secretion had been taken for two periods 
of five minutes each, atropine or hyoscyamine was injected subcutane- 
ously in the abdomen aiid the five minute secretion collected for half-an- 

hour, the animal being excited by being shown a rabbit during one 
period. At the end of half-an-hour; 5 mgs. of pilocarpine hydrochloride 
was injected and the examination was continued for an hour longer. 
: The normal secretion from the fistula when the dog was lying still 
was almost always less than 01 g. in 5 minutes, and was not 
infrequently nw. After 0°0625 mg. of atropine it was’always practically 
nu, never exceeding 0°02 g., and the same effect was obtained from 0°03 
mg. of hyoscyamine. When the undrugged dog was excited by being 
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shown a rabbit, profuse salivation ensued, as much as 1 g. or more being 
secreted in five minutes. This was not prevented by 0°25 mg. of 
atropine, though it was less than usual (0°1—0-2 g.), but was entirely 
arrested by 05 mg. 0125 mg. hyoscyamine reduced it to a marked 
extent, and 0°25 mg. prevented it almost entirely. 
The results of the injection of 5 mgs. of pilocarpine after atropine 
and hyoscyamine are indicated graphically in Figs. 1 and 2 in which 
the numbers along the abscissz indicate the time after the injection of 
pilocarpine, which was always made 30 mins. after the atropine or 
hyoscyamine. The numbers along the ordinate indicate the deci- 
grammes of saliva secreted per minute. In one experiment in each 
figure (represented by dotted lines) the pilocarpine was injected — 
without atropine or hyoscyamine as a control. The doses of atropine 
(Fig. 1) were 4 (I), (II), (IID, and +, (IV). mg. ; those of hyoscyamine 
(Fig. 2) were } (1), 3 (ID), 2, (IID, and J, (IV) mg. 
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In Fig. 1 it is to be séen that + mg. atropine had little or no 
antagonistic effect on pilocarpine, that 4 mg. reduced the amount of 
salivation, but that 4 mg. was required to render it almost imperceptible. 
In Fig. 2 4, mg. hyoscyamine had a marked antagonistic effect, and } mg. 
was sufficient to almost entirely prevent the pilocarpine salivation ; 
4 mg. of hyoscyamine acted more strongly than 4 mg. of atropine, but 
not so strongly as + mg. 

_A second series of experiments was susietined five months later on 
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the same dog. The results are given in Table II., in which the numbers 
represent the grammes of saliva in each fifteen minutes after the 
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injection of pilocarpine. There was a good deal more noise in the room 
than in the former series, and even when the dog was not intentionally 
aroused it was found that spontaneous secretion persisted after 4 mg. 


atropine, but was arrested by } mg. of atropine or 4 mg. hyoscyamine, 


IT. 
Saliva in first 
Dose in and 15 mins, after Saliva in Saliva in Salivain Total saliva 
Date alkaloid pilocarpine 15—80mins. 30—45 mins. 45—60 mins. in 1 hour 
19 Jan, Atropine 4 mg. 027 89 71 41 20°37 
eee Hyoscy. 4 mg. 0°26 171 2°50 2°03 65 
21 ,, Atropine mg. 0°16 0°93 1°86 171 4°66 
22 ,, Hyoscy. } mg. 0°03 0°47 0°64 0°53 1°67 
Atropine 4 mg. 0°20 0°32 0°60 O41 1°58 


| In this experiment } mg. atropine appears to retard the action of 
pilocarpine somewhat more than { mg. hyoscyamine, but very much less 
than } mg. hyoscyamine, which is practically as efficient as } mg. 


atropine. 
These experiments appear to indicate that hyoscyamine acts almost 


twice as strongly as atropine on the salivary secretion, whether 
spontaneous, or exaggerated by the action of pilocarpine. They may 
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also be cited as evidence that the antagonism of atropine and — 
pilocarpine is mutual, which is still occasionally disputed. The 

proportion of atropine to pilocarpine necessary for a complete 
neutralisation of the effects of each, so that the secretion remains 
within normal limits, is represented by the ratio 1 : 10 approximately 
for 5 mgs. of pilocarpine. 

Pilocarpine injected alone caused violent purging within a few 
minutes. This was prevented by hyoscyamine or atropine. When 
a small dose e.g. 4 mg. atropine was used the purgation seemed delayed, 
occurring 2—3 after the injection of in several 
instances. . 

The general results of these experiments ‘with atropine and 
hyoscyamine, then, were that the two alkaloids act equally on the 
terminations of the motor nerves in striated muscle and on the heart 
muscle of the frog, and on the central nervous system in mammals 
(mice). Atropine causes a marked increase in the reflex irritability 
of the frog’s spinal cord, which is absent or less marked under the same 
dose of hyoscyamine. Hyoscyamine acts about twice as strongly as 
_ atropine on the terminations of the peripheral neurons in the pupil, 

heart, and salivary glands. 

Since Ladenburg’ . investigations it has generally been believed 
that atropine is the racemic form of hyoscyamine, and the recent work 
of Gadamer' and Amenomiya” has finally established the correctness 
of this view. Atropine therefore consists of a union of an equal 
number of molecules of two optically active hyoscyamines, this union 
possessing certain properties which are inherent in neither of the 
constituent halves, such as a different melting-point. There is however 
every reason to believe that a racemic body exists as such only in the 
solid form, and that the bond between ‘the two halves is broken by 
solution in water. For equally concentrated solutions of a racemic 
body and one of its active constituents have the same ‘freezing-point’, — 
indicating that the same number of molecules is present- in each, 
whereas if the racemic combination remained intact, its solution would 
contain only half as many molecules. Two molecules of atropine in 
solution are thus chemically equivalent or identical with one molecule 
of levo-hyoscyamine together with one molecule of dextro-hyoscyamine. 
The effects of two molecules of atropine on the seoretion, eardiac 


1 Arch. d. Pharm. coxxxtx. 8. 294, 663. % 
2 Tbid. coxn. §. 498. 


3 Landolt, Das optische Drehungsvermigen. Braunschweig, 196 
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inhibition and pupil, proved in my experiments practically the same as 
those of one molecule of lwvo-hyoscyamine, the natural base, so 
that dextro-hyoscyamine would appear to be devoid of action on these 
terminations, On the other hand, atropine acts on the spinal cord of 
the frog as a much more powerful stimulant than levo-hyoscyamine, 
from which it may be inferred that dextro-hyoscyamine has a specific 
strychnine-like action not possessed in an equal measure by levo- 
hyoscyamine. The latter possesses this action in the frog in a lesser 
degree than atropine, and both act equally in the mouse; now it is well 
known that hyoscyamine in alkaline solution rapidly becomes optically 
inactive, that is a certain amount of it changes into the dextrorotary 
form. It is possible that the late increased reflex in the frog from 
natural hyoscyamine is due to some dextro-hyoscyamine being formed, 
and it might be suggested that this change occurs so rapidly in the 
mouse that the symptoms are identical whether atropine already formed 
be injected or whether it be formed from hyoscyamine in the tissues. 
The objection to this view is that in the salivary glands, heart, and 
pupil the lsvo-hyoscyamine differs in its action from the mixture of 
levo- and dextro-hyoscyamine (atropine), and that the transformation 
of the left-rotating to the right-rotating variety must therefore be a 
comparatively slow process in the body. This theory failing to accord 
with the facts, the only other possible view is that the terminations of 
the peripheral neurons examined proved capable of differentiating 
between the levo- and the dextro-rotary hyoscyamines, and this faculty 
is also possessed by the spinal cord in the frog. The mammalian 
central nervous system, and the frog’s heart muscle and motor nerve 
termination in striated muscle proved unable to differentiate between 
these isomers. The curare-like action on the frog is shared by such a 
large number of bodies having little else in common, that it must be 
regarded as of little importance in classifying drugs, and in fact its wide 
distribution suggests that it may be due to some common physical 
character. 

_ The difference in the action of levo-.and dextro-hyoscyamine could 
I think be legitimately inferred from the results of these investigations, 
- but I have been able to put the truth of the imference to the proof 
through the kindness of Professors Hans Meyer, E Schmidt, and 
Gadamer, who sent me some of the dextro-hyoscyamine remaining 
from the chemical researches of Gadamer and Amenomiya’. The © 

1 This dextro-hyoscyamine is formed from atropine by decomposing it into tropine and | 
tropic acid, separating the dextro-tropic acid and recombining it with the tropine. 
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small quantity (60 mgs.) at my disposal precluded the possibility of a 
complete investigation of its properties, and I determined to limit my . 
experiments to a comparison of its effects with those. of levo- 
hyoscyamine on the salivary glands, the pupil, and the heart. Enough 
remained over for a single experiment on the frog. Fresh solutions 
were used for each injection, as in the case of atropine and levo- 
hyoscyamine. 

In the experiments on salivation the same dog was used: and the 
method was identical except that dextro-hyoscyamine was injected instead 
of atropine. I found that 1-1 mg. dextro-hyoscyamine was not sufficient to 
arrest the secretion even when the dog was at rest, for the fistula remained 
wet and the nose and’ tongue were moist. This was accomplished by 
3°5 mgs., which also prevented secretion almost entirely, even when the 
dog was petted; 3 mg. levo-hyoscyamine stopped the secretion unless 
when the animal was excited. After } mg. levo-hyoscyamine there 
was practically no secretion even when excited. The relative an- 
_ tagonism to pilocarpine, which was injected 30 minutes after the other 
alkaloids, is shown in Table III. In the first experiment of this series 
only pilocarpine (5 mgs.) was injected. The numbers indicate the 
number of grammes of saliva secreted in the Ist, 2nd, 3rd, and 4th 
quarters of an hour after the injection of pilocarpine. L stands for 
levorotary, D for dextrorotary hyoscyamine. 


Taste ITT. 
Saliva in 

15 mins, after . Salivain Saliva in Saliva in Total saliva 

Date Dose in mgs. pilocarpine 15—80 mins. 30—45 mins. 45-60 mins. inl hour 
4¥Feb. Pilocarpine only 7°86 16°7 13°75 82 46°51 

5 , . 01% 0-01 09 0°76 0°57 2-24 
0°79 8°25 2°32 16 796 
7 D 35 0-00 0-05 0-19 0°18 0°42 
L 0°25 0°00 0°19 0°4 0:39 0-98 
13,  D20 0°31 152 1°45 1-25 4°58 
0-04 1°68 2°97 23 6°99 


In the first five experiments of this series, 0125 mg. of levo- 
hyoscyamine proved more antagonistic to pilocarpine than 1:1 mg. 
of dextro-hyoscyamine, while 0°25 mg. of the natural base seemed 
almost equivalent to 3:5 of the dextrorotary. The last three experi- 
ments were done in the morning, which may explain the difference in 
the efficacy of the levo-hyoscyamine from that in the first five 
experiments, which were done in the afternoon, t.e. 7—8 hours after 
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the dog was fed. In the last three experiments 0125 mg. of the 
_ levo-hyoscyamine appeared less powerful than 2 mgs. of the dextro- 
hyoseyamine and practically equal to 15 mg. The levorotary base 
is therefore about twelve times as active as the dextrorotary. | 

The effects of the two hyoscyamines were compared in a cat 
weighing 2700 g., the alkaloids being injected hypodermically as in 
the previous experiments, The minimal dose requisite to increase the 
size of the pupil was found to be 0:04—0-05 mg. of lvo-hyoscyamine 
and 0°5—0°6 mg. of the dextrorotary base, which is thus again about 
jy a8 powerful as the levorotary. 

The action on the cardiac inhibition was etiiaiend for me by 
Mr R. D. Tompkins on a cat weighing 1870 g. The animal struggled 
so much when ammonia was applied, that it was found impossible to 
use this control, and the minimal dose necessary to accelerate the heart 
was therefore taken instead. It was found that 001 mg. of levo- 
hyoscyamine bad no perceptible effect on this animal, and that the 
lowest amount which caused unmistakable acceleration was 0°025 mg. 
Dextro-hyoscyamine failed to induce acceleration in quantities of 0-2%mg., 
while 0°35 mg. was followed by about the same increase in rate as 
0°025 mg. levo-hyoscyamine. Lzvorotary hyoscyamine thus acts about 
14 times as strongly as the dextrorotary base on the cardiac et 
fibres. 

Ten milligrams of dextro-hyoscyamine were injected into a frog of | 
20 g. weight and the effects were compared with those induced by 
an equal amount of atropine and of levo-hyoscyamine in frogs of the 
same weight. At first all three exhibited the same symptoms, great 
muscular weakness and early fatigue on movements, difficulty and 
clumsiness in hopping and in regaining their normal positions when 
they were placed on their backs; later marked tremors accompanied 
each attempt at movement, the respiration ceased, and the animals 
responded to pinching only by a feeble twitch which was msufficient 
to move the limb; no attempt was made at spontaneous movement. 
The first to show signs of recovery was the levo-hyoscyamine frog, 
which appeared less readily exhausted in about 4 hours, and was 
practically normal in 30 hours except for a slight increase in the 
reflex excitability, which disappeared within 36 hours of the injection.. 
This increased excitability appeared in about 7 hours in the atropine 
frog, and was more marked next day than in the levo-hyoscyamine frog, 
but also disappeared about 36 hours after the injection, when the frog 
was quite normal. The muscular exhaustion seemed to last rather 
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vila after the atropine than after the levo-hyoscyamine. The dextro- 
hyoscyamine frog recovered its muscular power more slowly than either 
of the others, and after 7 hours exhibited some increase in reflex 
irritability, which became more marked next day. After 48 hours 
the appearance was that presented by a frog poisoned with strychnine 
- and a very small dose of curare. The slightest touch threw it into 
an opisthotonic contraction, which was only momentary, but was followed 
by several weaker twitches evidently induced by the stimuli received 

as the limbs again touched the table. The vibrations caused by any- 
_ one walking near the table had the effect of causing series of twitches, 
and sometimes it appeared as if the animal's own respiratory movements 
gave rise to convulsive jerks. After this the muscles became less easily 
exhausted and the reflex contractions lasted longer. After 72 hours 
the irritability of the spinal cord began. to ~—— and after 96 hours 
_ the frog was practically normal. 

Dextro-hyoscyamine therefore induces ane greater reflex excita- 
bility in the frog than the levorotary base and this action lasts longer. 
In this experiment the paralysing action on the nerve ends was also — 
more marked in the frog under dextro-hyoscyamine, and this would 
agree with the fact that atropine appeared to be more fatal than levo- 
hyoscyamine in a number of the experiments of the first series. But I 
have noticed a considerable variation in individual frogs in the readiness 
with which the nerve ends were paralysed, and therefore hesitate to 
draw any general inference from this one experiment. 

The results of these experiments with dextro-hyoscyamine agree 
- satisfactorily with those obtained with atropine and leevo-hyoscyamine. 
For although dextro-hyoscyamine appears not to be wholly inert in the 
salivary glands, heart, and pupil, as was inferred from the first series, 
it must exercise only a trifling influence in the quantities in which 
it was present in these. For example, } mg. of atropine is chemically 
equivalent to 4 mg. levo-hyoscyamine + 4 mg. dextro-hyoscyamine.. But 
the action of lxzvo-hyoscyamine is proved to be at least 12 times as 
powerful as that of dextro-hyoscyamine, so that, pharmacologically, 
¢ mg. atropine is equivalent to 4 mg. levo-hyoscyamine + 4 mg. 
_ leve-hyoscyamine. In the series of experiments with atropine and 
levo-hyoscyamine the smaller fraction was ignored, that is, the error 
in stating that hyoscyamine is twice as powerful as atropine on these 
organs, is too small to be recognised by the method. The later work 
with dextro-hyoscyamine, however, would indicate that atropine is about 
_ $$ as strong as. levo-hyoscyamine in its action on the salivary glands, 
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cardiac inhibitory mechanism, and pupil, The exaggeration.of the — 
reflexes in the frog which atropine induces in much greater measure 
than lavo-hyoscyamine is due to the dextro-hyoscyamine in great part. 
These results indicate therefore that certain cells of the higher 
animals can differentiate between the two optically isomeric hyoscy- 
amines, and also that the action of their racemic form, atropine, is the 
sum of the action of its two halves. The fact that the lower organisms 
react. differently to the dextro- and levorotary substances has been 
recognised and utilised since Pasteur first demonstrated it for the 
tartaric acids, and Fischer! has shown that this selective power 
is possessed by the unorganised ferment of the yeast and by emulsin, 
which in his experiments decomposed only dextrorotary bodies, leaving 
the levorotary unchanged. His results would suggest that a ferment 
which destroys the dextrorotary half of one racemic body, while leaving 
the levorotary intact, would behave in the same way towards other 
racemic forms which it changed in any way. In other words, a ferment 
would seem to have a specific affinity for bodies with one direction 
of rotation, and less for their complements. But the results with 
Penicillium glaucum, which has been used very extensively in working 
on this subject, scarcely bear this out, for it is said to destroy the 
dextrorotary constituent of some racemic forms, the lwvorotary of 
others, This may however be due to different species of Penicillium 
having been used in these experiments, for as a general rule no 
particular care seems to have been taken in the selection of the mould. 
Some recent work indicates that-in the higher organisms also the 
tissues destroy one of the active isomers in preference to the other. 
Thus Brion?’ found that levo-tartaric acid is oxidised more rapidly 
than dextro-tartaric acid; and Neuberg and Wohlgemuth® obtained 
a similar result on comparing levo- and dextro-arabinose. Finally 
Mayer‘ states that levo-mannose is less readily oxidised than dextro- 
mannose, and that both lead to the formation of glycogen, while 
N euberg and Wohlgemuth found this true only of levo-arabinose’. 
Here again while the tissues differentiate between the two isomers, 
the choice falls in one case on the leevorotary, in another on the dextro- 
rotary. It may be suggested as an explanation of this variation, that 
the oxidation may occur in different organs, some of which have 


1 Ztschr. f. phys. Chem, xxvi. p. 61. - 2 Ibid. xxv. p. 288. 

3 Ibid, xxxv. p. 41. * Cong. f. inn. Med. 1902, p. 486. 

5 None of these writers appear to recognise that in the tissues the racemic form must 
change into the two active constituents, although their results would agree with this. 
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a special affinity for one form, others for another. It is therefore 
of interest to examine the cases in which individual tissues have been — 
examined as to their affinity for the two complementary forms. Piutti* 
states that dextro-asparagin has a sweetish taste, while levo-asparagin | 
is tasteless; and similarly Menozzi and Appiani? found that dextro- 
glutaminie acid possesses a characteristic taste, while levo-glutaminic 
acid is tasteless. But Sternberg’ states that the taste organs do not 
as a rule differentiate between the isomers qualitatively, although 
it is possible that quantitative differences may exist. | 

In regard to the toxicity of the isomers few experiments have been 
performed‘, Ladenburg and Falck* compared the effect of natural 
dextro-coniine and the artificial inactive alkaloid, but could detect no 
difference in their effects in rabbits.: Poulsson® found that the 
paralysing action of dextro-cocaine on the tongue was stronger and 
more quickly obtained than that of levo-cocaine, but disappeared more 
rapidly. Frogs recovered from medium doses of the dextrorotary more 
quickly than from the levorotary, but the fatal dose of each was the 
same, and in rabbits no difference whatever could be detected in their 
action. Ehrlich and Einhorn’ confirm Poulsson’s statement in 
regard to the more rapid action of dextro-cocaine, but do not seem to 
have observed any other difference between the dextrorotary and 
levorotary bases in the long series of cocaines examined by them. 
Some differences are said to have been observed* in the therapeutic 
action of hyoscine (atroscine) and hyoscine (scopolamine), two alkaloids 
which appear to bear the same relation to each other as atropine and 
levo-hyoscyamine. Pilocarpine was found by Marshall® to be about 
6—8 times as powerful as the isomeric isopilocarpine, but it is still a 
question whether these are — in the sense the 
term™. 


Accad. d. Lincei, 1. p. 421. 1893. 

3 Arch, f. [Anat. u.] Phys. 1898, p. 457. | ee 
4 Ghabrie’s experiments with tartaric acid (C. R. d. VAcad. OxvI. p. 1410) are 
aa the chief poisonous agent here undoubtedly isthe hydrogen ion whiah i 
present in equal amount in each. 

5 Annalen der Chem. ooxuv1t. p. 83. 

6 Arch. f. exp. Path. u. Pharm. xxvu. p. 309. 

7 Ber. d. deutsch. chem. Gesellach. xxvu. 2, p. 1870. 1894. 

8 Hesse. Journ. f. prakt. Chem. uxtv. p. 858. 1901. 

® Brit. Med. Journ. Oct. 18, 1900. 

1” Jowett. Trans. of the Chem, Soc. uxxxm. p. 488. 1908. 
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. These investigations are too few in number to permit of any wide 
generalisation as yet; but it may be remarked that in Ladenburg and 
Falck’s, Poulsson’s, and my own experiments the central nervous 
system in mammals failed to differentiate between the isomers, 
while the taste organs differentiated between them in certain instances 


and the central nervous system in the frog and the terminations of 


some peripheral neurons in mammals also have this property in the 
case of the hyoscyamines. 
" ediee point illustrated by these results is the independence of 
pharmacological action and chemical structure; for nothing can be 
more nearly related chemically than the two hyoscyamines, yet some of 
the most characteristic features in _ action of the one are almost 
eatecly wanting in the other. 


SUMMARY OF RESULTS. 


1. Pure atropine and hyoscyamine act in the same way and with 
equal potency on the central nervous system in mammals and on the 
heart and terminations of the motor nerves in the frog. Atropine 
possesses a more powerful (stimulant) action on the reflexes of the 
spinal cord in the frog than hyoscyamine. Hyoscyamine is almost 
twice as powerful as atropine in its action on the nerve ends in the 
salivary glands, heart, and pupil. 

2. On the ground that the action of atropine is the resultant of 
the action of equal amounts of levo-hyoscyamine, the natural base, and 
dextro-hyoscyamine, these facts are interpreted as indicating that — 
dextro-hyoscyamine has a more powerful action on the spinal cord of 
the frog than levo-hyoscyamine, while it has very little effect on the 
peripheral neurons mentioned. And the examination of the-action of 
dextro-hyoscyamine on these neurons proved this to be correct. 

3. Some organs have the property of differentiating between 
optical isomers, while others seem to be devoid of this power. 


t 
4 
ia 
6 
- 
4 
7 
G 
A 
Ra. 
= 
a ~ 
a 
aga 
ji 


ON THE PRESENCE OF A PROTEOLYTIC ENZYME IN 
THE NORMAL SERUM OF THE OX. ByS.G. HEDIN. 


(Department of Pathological Chemistry, Lister Institute of 
Preventive Medicine, London.) 


ALTHOUGH proteolytic enzymes on theoretical grounds have been 
supposed to be present in the serum, their presence was not proved by 
analytical means till Delezenne and Pozerski lately demonstrated 
that the serum by the action of chloroform at 37° can be made to act 
upon proteids': This effect they explained by supposing that the 
_ chloroform destroys antibodies, which in the normal serum prevent the 
enzyme from acting. Before I knew of the investigations of Dele- 
zenne and Pozerski I was able to show the presence of a proteolytic 
enzyme in the serum by precipitating it together with the globulin or 
together with nuclein substances added to the serum. 

The method adopted for showing proteolytic action has been to 
precipitate a known volume of the fluid: with a’known volume of tannic 
acid solution and estimating the nitrogen in a known volume of the 
filtrate’, The difference between the nitrogen obtained after and before 
the digestion then indicates the extent of the digestion that has taken 
place. In all cases in which I tested the serum by itself for proteolytic 
action, I obtained exactly the same amount of nitrogen before and 
after several days’ digestion, which proves that at oti rate no i sito 
or lower digestion products were formed. 

I was led to suspect that the serum might contain a proteolytic 
enzyme, although no action could be demonstrated directly, by the fact 
that the antiproteolytic action of the serum, as shown by myself in the 
case of the, tieno-a-protease, is most marked in the serum albumin and 
less in the pseudoglobulin, whilst the euglobulin showed the least anti- 
proteolytic action or even increased the activity of the a enzyme. 


a biol, Vol. uv. No. 19 (1908). 
2 The tannic acid solution contained 100 grams of tannic acid, 100 grams of sodium 
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The euglobulin is the part of the serum globulins least soluble in water, 
and roughly it corresponds to the globulin coming down on dialysing or 
on adding acetic acid to the diluted serum. I therefore have tried the 
- digesting power of the precipitates obtained in these ways. 
The results are given by the following experiments :— 


Exp. 1, Globulin obtained on dialysing ox serum was dissolved in 0:25 °/, Na,CO, and 
tested as to its digesting power. The analysis was carried out by adding 10 c.c. of tannic 
acid solution and estimating the N in 5 c.c. of the filtrate. Before the digestion: 


5 ¢,¢. coag. serum +5 ¢.¢. glob. sol. gave N corresponding to 1-0 6.0. = n. acid. 


» boiled serum albumin +5 c.c. glob. sol, j 09 » ” 
After 6 days’ digestion: 
5 c.c. coag. serum+ 5 glob. sol. 22 (yy 
» boiled serum albumin +6 ¢.c. glob. sol. 19% ” 


Na,CO, and used for digestion. Before the digestion : 


5 coag. serum +5 glob. sol. 0°8 0.6, n. acid, 
After 4 days’ digestion : } 
5 c.c, coag. serum +65 c.c. glob. sol. 14 ,, 
” ” ” +0°01 gr. casein a 


” +560. glob. heated to 56°+-0°01 gr. casein 0°8 ,, 


Exp. 8. Globulin obtained from ox serum with acetic acid. The casein mak the 
globulin were dissolved in 0°25 °/, Na,CO,. Before the digestion : 


Bas, cong. serum +65 glob, sol.+5 ¢.¢. 0°25 °/, Na,CO, 0°75 c.c. acid. 


” ” ” ” ” casein sol. 08 ,, ” 
»  nucleo-alb. sol. 
After 14 days’ digestion : 
6 coag. serum+65 glob, sol, +5 0°25 °/, Na,OO, 4°6 ,, re 
(The coag. serum was not dissolved in 3 days.) 


5 0.0. cong. serum +5 ¢.c. glob. sol. +5 ¢.c. casein 58 
(Serum nearly dissolved in 3 days.) 
5 coag. serum +5 ¢.c. glob, +5¢.¢. spleen nucleo-alb. 10-2 ,, 
. (Serum dissolved in 3 days.) : 
5¢.c.coag. serum + 5c.c. glob. heated to 50°+50c.c.caseinsol. 4°8 ,, 
” ” ” 55° 12 ” 


Exr. 4. Globulin obtained from ox serum with acetic acid. Before the digestion : 
2 grms, coag. egg-alb. +5 c.c. glob. sol. +5 ¢.c, 0°25°/, Na,CO, n. acid, 


” ” ” ” ” spleen nucleo-alb. 19 9 ” 

” ” ” ” » Casein sol, 12 ,, ” 

_ § 6.0, Coag. serum ” ” 0°25°%,Na,0O, 09 ,, 
” ” .” » Spleen nucleo-alb. 1°8 ,, 

” ” ” ” » Casein sol, 10 ,, ” 
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After 10 days’ digestion : 
sol. +-5 0.0. 0°25 Na,CO, ‘tee. 
” ” spleen nucleo-alb, 5:2 ” 
” ” ” » Casein gol. 85 ,, ” 
5 coag. serum » 025%, Na,CO, 43 ,, 
” ” ” spleen nucleo-alb, 70 ,, 
” ” ” ” » casein sol, 


The enzyme had an evident effect upon gelatin. 
Exp. 5. Globulin obtained from ox serum with acetic acid. Before the digestion : 


5 glob, sol, +5 0.6, 0°25 Na,CO, n. acid. 
” casein sol. ” 
2 grms. boiled egg-alb. ,, glob. sol.+5¢.c, Na,CO, sol. 
” ” ” ” casein sol. 0°45 ea. 
After 4 days’ digestion : 
5 ¢.c. glob. sol. +65 c.c. 0°25 Na,CO, sol. 03 ,, 
” ” »  Caseinsol, . | 3°55 ,, 3 
2grms. boiled egg-alb. ,, glob. sol.+5 c.c. casein sol, 8°25 ,, “ 
After 10 days’ digestion : 
_ 6 glob. sol. +65 o.c. casein sol. ; 
Qgrms. boiled egg-alb. ,, Go. sol, +5 0°25 °/, Na,CO, sol. 0°5 ,, 
Exp. 6. Globulin before digestion | 03 ,, ue 
» after 6 days’ digestion 


On comparing the corresponding samples before and after digestion 
_ the following conclusions can be drawn: 
1, The proteolytic enzyme contained in the globulin does not 
digest the globulin itself (Exps. 5, 6), or coneHinerr ‘aleeeSaatia 
(Exps. 4, 5). 

2. The enzyme acts upon casein re 5), upon wlatii (Exp. 4), 
and upon coagulated ox serum (Exps. 1, 2, 3, 4). 

3. The enzyme is destroyed or very nearly destroyed when its 
solution in 0°25 °/, Na,CO, is heated to 55° for. half-an-hour but not at 
50° (Exps. 2, 3). 

Casein and spleen nucleo-albumin when added to the enzyme — 
increase its effect, and. the increase does not seem to be due only to the 
digestion of the substance added, since coagulated serum is more 
rapidly dissolved with than without the presence of a nuclein substance, 
as can be ascertained by inspection (Exp. 3). Whether’ the casein 
makes the enzyme act upon coagulated egg-albumin seems uncertain 
(Exp. 5). In Exp. 4 it was found that the globulin acted — gelatin 
even ‘without the presence of a nuclein substance. 
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Delezenne and Pozerski state that serum acted upon with 
chloroform digests gelatin and casein but does not digest coagulated 
egg-albumin, and it therefore seems very likely that their active 
substance is identical with the enzyme, taken dowx together with the 
globulin in my experiments. 

Since I had found in my experiments with the spleen enzymes that — 
they are readily carried down by nucleo-albumins, I thought it advisable 
to try to precipitate the serum enzyme together with casein. Therefore 
the serum was diluted with 3—4 volumes of water, and of a saturated 
solution of casein in 0°25 °/, Na,CO, (prepared at 37°), 10 c.c, were added 
for each 100 c.c. of serum. Then the casein was precipitated by adding 
- 0°2°/, of acetic acid. After filterimg and washing, the precipitate was 
dissolved in 0°25 °/, Na,CO, and made to digest itself. As the following 
experiments will prove, the casein precipitate shows rather a strong 
activity in an alkaline medium. Only in one case (Exp. 1) a slight 
action has been observed in the presence of acetic acid. In the pre- 
sence of hydrochloric acid no action has been obtained. ) 


Exp. 1, Digestion in a solution of 0-26 °/, Na,CO,. 
not precipitable with tannic acid corresponded to 0-6 n. acid. 


After 4 days’ digestion 30 ,, " 
11 ” ” 
Digestion with 0-2°/, acetic acid : 
After 4 days’ digestion 08 ,, 
» il ” 16 5, ” 
Exp. 2. Before digestion 0°6 c.c. = n. acid. 
After 6 days’ digestion : 
With 0°25 °/, Na,CO, 82 ,, 
»» acetic acid 06 ,, 
»  0°2°/, HCl 06 ,, 
After 12 days’ iligestion 
With Na,CO, 42 , 
HCl O8 ,, 


__. The experiments seem to prove that the ox serum contains one or 
more proteolytic enzymes, which can be precipitated together with the 
globulins of the serum or together with added casein. Since the serum 
itself shows no proteolytic action it seems probable that the enzyme in 
the serum is prevented from ‘acting by the presence of antibodies. As 


e a) 
a 
' 
q 
> 
ay 
we 
iS 
x 
ay 
¥ 
rey 
= 
> 
ag 


BNZYME IN OX SERUM. 199 


| a matter of fact the casein protease digests boiled and coagulated serum 
far more easily than unboiled serum, a8 set forth by the nee 
experiments, 


Exp. 1. serum were cain poe in 0,00, 


solution. 
After 5 days: 
Serum (not heated) 1-6 ¢,0. 75 0. acid. 
Heated serum 
After 11 days : 
Serum (not heated) 16 ,, ” 
Heated serum 52 ” 


Coagulated serum 12 6.0. acid. 
Serum (not heated) 10 
After 4 days’ digestion : 
Serum (not heated) | 18 ” 
Heated serum 47 
Serum (not heated) ” ” 


The result of these be explained by supposing 
that the checking influence of the serum upon the activity of its own 
enzyme disappears on heating to 100°, that’ is to say, the antibody is 
destroyed on heating. 

In order to make out which part of the proteids contain the anti- 
body I tried separately the precipitate obtained on dialysing, and the 
euglobulin, pseudoglobulin and albumin obtained from the filtrate _— 
Am,SO, according to the method of Spiro’. 

The different fractions were dissolved in 0:25 °/, Na,CO,, 

their influence upon the casein protease was tried by digesting — 
5 c.c, coag. serum + 
5 c.c. casein protease + 
5 c.c. of the different proteid fractions. 


By boiling’ either the casein protease or the proteid fractions before 
digesting, the influence of the heated part could be eliminated without 
altering the amount of proteid present. The samples containing boiled 
casein protease, when compared with the samples analysed before 
the digestion, show whether the different proteid fractions have any 


* Zeitschr. f. physiol, Chem, xxx1. p. 182, 1900, and xxxvi, p. 407, 1902, - 
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proteolytic activity by themselves, and the samples with heated proteid 
fractions as compared with the ones containing the same proteids not 


heated show the influence of the different fractions upon the — 
of the serum. 


tannic acid solution, 


” ” » paeudoglob. 08 ” 
After 5 days’ digestion :_ | 
5 0.c. cong. serum +5 0.0. boiled protease +5 0.0. dial. prec. 
2. ” »  @uglob, 13, ” 
” ” »»  pseudoglob. 0°8 ” 
” ” » albumin os ,, ” 
Sco, coug, scrum +5 co, protease +5, bile dil, pres 87 
” ” pseudoglob. ,,. ” 
” ” albumin 8°75 ,, ” 
(5 0.6, cong. serum +5 0.0, protease +5 gree. 
” ” ”  pseudoglob, ” 


The sisi of group 2 as compared with the corresponding | 
experiments of group 1 show that the dialysis-precipitate and to a less 
extent also the euglobulin in this case have a proteolytic effect of their 
own, which is consistent with my previous results, whereas the pseudo- 
globulin and the albumin show no activity at all. The different 
experiments of group 3, where the effect of the’ different proteid 
fractions is eliminated, have given almost the same results, as was to 
be expected. When compared -with the corresponding experiments of 
group 4 they show that the dialysis-precipitate increases the activity 
of the casein protease, whilst the albumin and to a less extent the 
pseudoglobulin and also the euglobulin check its activity. The proteid 
fractions had been prepared from the same serum portion, and the 
volume of the albumin was 4—5 times as large as the volumes of the 
other fractions. We therefore must be right in concluding that the 
anti-enzyme or anti-enzymes mainly are attached to the albumin of the 
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serum. In this respect the anti-enzyme of the serum protease agrees 
with the anti-enzyme of the a-protease of the spleen, as found by 
myself*. 


CONCLUSIONS, 


The results of the above investigations can be summed up as 
follows :— 

1. The serum of the ox contains a weak proteolytic enzyme, which 
acts in an alkaline medium, The enzyme is partly brought down 
together with the part of the globulins precipitated on dialysing, on 
adding acetic acid, or on } saturation with Am,SO, . 

2. The enzyme thrown down with the globulin acts upon casein, 
gelatin, and coagulated serum, but does not act upon the globulin itself 
or upon coagulated egg-albumin. It is destroyed by — to 55° for 
half-an-hour, 

$. The easiest way of obtaining the enzyme is to peipiits it 
together with a nuclein substance, eg. casein. 

4. Antibodies prevent the enzyme from acting’ in the serum. 
These antibodies are mainly contained in the albumin fraction. 

As to the origin of the enzyme nothing can be stated at present. 
Yet it should be remembered that a similar enzyme has been found in 
the leucocytes of the spleen, and it therefore does not seem to be 
impossible that the serum protease should be derived from the leuco- 
cytes in the blood or in other organs either,.by a destructive process, 
which might set the enzyme free, or by an act of secretion. ~ 


? This Journal, xxx. p. 155. 1903. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF THE 


ACTION OF ENZYMES. PartI. The influence of electro- 
lytes on the action of amylolytic ferments. By SYDNEY 


'W. COLE, Trinity College, Cambridge. (One Figure in Text.) 
(From the Physiological Laboratory, Cambridge.) 


THE effect of small percentages of acid upon the amylolytic action of 
ptyalin was first dwelt on by Chittenden and Griswold’ and by 
Langley? in papers published at about the same time. Chittenden 
and Griswold, working with saliva, found that ‘005 per cent. hydro- 
chloric acid increased its amylolytic action, and that percentages above 
this decreased it. Langley found that ptyalin extracted from the parotid 
of the rabbit was almost entirely destroyed in five minutes by ‘014 per 
cent, hydrochloric acid. Subsequently Langley and Eves’ contested 
the statement that ‘005 per cent. HCl increases the action of ptyalin; 


they found it decreased by 0015 per cent. HCl, and by 0015 per cent. 


Na,CO,. They found it increased by ‘0005—°001 per cent. HCl, but 
were doubtful whether = might not be due to a small amount of 


proteid. present. 


Schlesinger‘ could es little difference between the action of 
neutral and normal saliva, except when the alkalinity was high, as after 
the injection of pilocarpin. Then the alkaline saliva was more active 
than the neutralised. — 

It is of importance however to note that Langley and most other 
workers used hydrochloric acid for neutralising, whereas Schlesinger 
used sulphuric. The significance of this I will refer to later. 

Chittenden and Smith* taking up the question found that 0:003 
per cent. of free hydrochloric acid almost completely prevents the action 
of saliva, 


4 Chittenden and Griswold. Amer, Chem. Journal, 1, p. 805. Dec. 1881, 
* Langley. This Journal, m1. p. 246. Jan. 1882. 
* Langley and Eves. This Journal, rv. p. 18, 1883, 
‘Schlesinger. Virchow’s Archiv, oxxv. pp. 146 and 343. 1891. 
§ Chittenden and Smith. Trans. Connecticut Acad. v1. p. 348. 1885. 
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Kiibel' working a saliva found that with 4 per cent. starch 0°009 to 
0018 per cent. HCl increases the action. With 2 per cent. starch the 
optimum strength is 0-004 to 0-009 per cent., and with 1 per cent. it © 
falls still lower to 0°003 per cent. He used saliva diluted once with 
water and thrice with glycerin, the mixture being neutral. His method 
was one employed by Paschutin’, the maltose formed after a certain 
short time (5 to 10 minutes) being estimated by a colorimetric 
application of Moore’s caramel test. 

H. M. Vernon’, investigating the action of pancreatic ieislsotin 
by the achromic point method, confirms Kiibel; the optimal concen- 
tration of acids being 0°004 per cent. hydrochloric, 0:0083 per cent. 
lactic, and 0°02 per cent. acetic acid. The action was inhibited by 0°009 
per cent. hydrochloric, 0°04 per cent. lactic, and 0°16 per cent. acetic acid. 

He used a glycerin extract of pig’s pancreas, the reaction being 
distinctly acid. 

Griitzner‘ worked with pancreatic amylopsin and obtained results 
similar to those of Kitibel and Vernon, that all acids increase the 
action, the optimum concentration with hydrochloric acid being 00045 
per cent., and with acetic acid about thrice this. 

As the results obtained by these workers do not agree, especially in 
regard to the reaction in which the ferment exerts its most energetic 
_ action, I undertook at Dr Langley’s suggestion an investigation into 
the question with the object of finding, if possible, an explanation of 
the discrepancies. 

It is necessary, I think, to emphasise the fact that we must naa 
tinguish carefully between the action of saliva and that of ptyalin. 
When we investigate the course of action of saliva on starch we are 
actually studying the action of ptyalin as modified by the influence of . 
the other varying constituents of saliva, such as sodium carbonate, salts, 
mucin and other proteids. Ptyalin itself has probably never. been 
obtained pure, but it is possible by various methods to free it from 
a large proportion of the substances with which it is associated in 
the saliva. We might reasonably expect to find that the influence of 
various conditions on the rate of action of this purified ferment does 
not correspond with their effect on normal or even diluted saliva. 
This might especially be the case in regard to the influence of acids. 
In the case of ptyalin we should have the actual neeate of the added 


1 Kiibel, Pfliiger’s Archiv, uxxvi. p. 276. 1899. 

2 Paschutin. Afchiv f. Anat. u, Physiol. 1871, 304. 

* Vernon, This Journal, xxvu. p. 174. 1901. | 
Griitzner. Pfliger’s Archiv, xct. p. 195. 1902. 
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acid, whereas, in the case of normal, neutralised or diluted saliva, we 
should have this effect plus that " a series of salts and —— 

To avoid this complexity I prepared my ferment by two methods.. 

I. Human saliva (generally my own) was received direct into strong 

alcohol, allowed to stand for two days, and filtered. The precipitate was 
washed with absolute alcohol, dried spontaneously, and extracted at 
40° C. with distilled water. The extract was filtered and furnished 
a very active ferment, neutral, free from salts, and all but the merest 
traces of proteids. Im some cases this extract was dialysed against 
distilled water. 
_ IL. The mouth was rinsed out ; with warm distilled water. Some more 
water was then held in the mouth for about a minute, the fluid collected, 
dialysed against several changes of distilled water, filtered and diluted 
with an equal bulk of water. This gave an active, neutral, salt-free 
ferment, containing a small amount of mucin. 

The method that I adopted was first described by Roberts’. The 
time was found that was necessary at a given temperature to bring the 
digestion to the achromic point, that is, when it. no longer gives any 
colour with dilute iodine solution, the whole of the starch having passed 
through the stage of erythrodextrin. The method gives, I think, more 

comparable results than that of estimating the amount of sugar 
- formed in a certain time. For if the time chosen is too long the 
conversion of the starch to sugar is previously completed: and if it be 
too short there is a certain difficulty in instantaneously stopping the 
reaction. My experiments were conducted at a temperature varying 
between 39° and 44° C., carefully maintained constant, for a given series, 
by the use of a large water-bath. The starch paste was prepared from 
pure potato starch, according to Roberts’ directions’, but to obtain more 
certain results it was usually submitted to dialysis for at least 24 hours 
against distilled water. The solutions of the acids and salts were 
prepared by accurate dilution of carefully standardised solutions, The 
iodine used was a solution of iodine in potassium iodide, diluted to 
a pale sherry colour. A stop-watch was used for noting the times, 
a sample being taken at frequent intervals. 
- Tusually worked as follows: 5 c.c. of starch paste and 5 c.c. of water, 
dilute hydrochloric acid or a salt solution were mixed and placed in the 
water-bath till the temperature of the mixture had risen to that of the 
bath. Then 5 cc. of the warm ferment solution was added, the stop- 


1 Roberts. Digestion and Diet, Londo 68. 
2 Roberts. loc: cit. 
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watch started, the mixture shaken and placed in the bath. Samples 
were taken out at intervals until no trace of colour was produced with the 
iodine. Two or three estimations were made, and the average time taken. 

The concentration of acid or of salt given is the strength in the 
mixture, not the concentration of the added acid or salt. I so arranged 
my experiments that I always had the same concentration of starch and 
of ferment for a given series. | 

The constancy of results obtained i in a given series of experiments 
is striking. If the end-point is reached under a minute, a difference of 
five seconds appeals to me as indicating a distinct difference in the rate 
of action: but if the time is more than five or six minutes, the experi- 
mental error might be a quarter of a minute, the process of conversion 
of the traces of erythrodextrins left becoming relatively slow and‘ more 
difficult to detect. 

I will now proceed to the results of my experiments. 


Exp. I. The influence of hydrochloric acid on ptyalin. Starch: 1 p.c. not dialysed. 
Ferment: by method II., not dialysed. Temperature 40° OC. 


Percentage of HCl Mean time { Percentage of HCl Mean time 
1’ 80” 0s 50’ 
001 1’ 10” 
002 9’ 30” 005 Still blue after 
24 hours 


Ferment: alcohol method, not dialysed. — 


Percentage of HC! Time Percentage of HCl Time 
0 ‘ 20” 00058 
00018 3’ 10” 0008 
00027 2’ 20” 205’ 


Exp. IL. The influence of hydrochloric acid on ptyalin. 
Ferment: alcohol method, not dialysed. 


Acid Acid 
1 
“00006 120 83 
1 1 
00024 65 154 00115 120 83 
1 
1 
mn 
0006 «(85.286 -00198 after 0 
6000 “94 hrs. 
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~The results of Exp. IIL are shown in the form of a curve in Fig. 1, 
p. 212. It can be seen that the rate of action is fairly regularly increased — 
and decreased as the percentage of acid increases. Similar results have 


been obtained in many other cases. I generally find that 5000 HCl. 
(0012 per — distinctly inhibits the action of the ferment, whilst in — 


some cases =a (0007 per cent.) is deleterious. This is especially the 


ease if the san has been dialysed. I illustrate this — wy the 
following experiment. . 


_ Exp, IV. The influence of hydrochloric acid on undialysed and on dialysed ferment. 
Starch: 0°8 p.c. dialysed. Ferment: by alcohol method, undialysed in the first instance, 
dialysed for 24 hours against two changes of distilled water in the second. 


0 0 18’ 80” 
00024 1’ 80” 
an 00048 
0006 14’ 
in 00072 4’ 30” Violet after 24 hours 
atm 00096 15° Blue after 24 hours 
00122 2hours Blue after 24 hours 


This experiment shows that hefore dialysis 0007 per cent. of hydro- 
- chloric acid markedly. increases the activity of tie ferment, yet the 
same ferment after dialysis is almost destroyed by this concentration. 

- The influence of the acid varies according to the mode of prepara- 
tion of the ferment, The best results are obtained when using a 
ferment prepared by the alcohol method. By other methods the ferment 
solution contains a not inconsiderable amount of proteid. This, as we 
know from the work of Falk’, Chittenden and Ely*, Langley and 
Eves*, combines with the acid added, the acid-proteid compound not 
being nearly so destructive to the ferment as is free hydrochloric acid. 
The result is that the curve of the influence of the acid is very much 


Falk. Virchow's Archiv, Lxxxtv. p. 119. 1881. 
Chittenden and Ely. Amer. Chem. Journal, ry. 1882. 897, 1882. 
- § Langley and Eves. loc, cit. 
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less sharp than when proteid is absent. This is due to the fact that as 
the acid added increases in amount it is more or less thrown out of 
action by. the proteid, and it is only when the whole of the — is 
saturated with acid that the curve suddenly drops. | 

Comparing my results with those of previous workers, they confirm 
Langley’s statement that ‘005 per cent. of free hydrochloric acid is 
destructive to the ferment, and are in direct opposition to those of 
Vernon, Kiibel and Grtitzner, who affirm that the diastatic action is 
most energetic in the presence of ‘004 per cent. of hydrochloric acid. 

I thought that the clue to the explanation of these remarkable 
differences might be found by investigating the influence of substances 
_ that were possibly present in the ferment solutions employed by other . 
workers, and I started with the influence of various salts. 

Previous work on such lines has been scanty and unsatisfactory. 
Nasse! found that 3°85 per cent. of sodium chloride increased the 
action. Ktibel* found that the sodium salts of the halogen acids all — 
have an accelerating effect on ptyalin if added in small amounts, that is 


up to Po NaCl (‘045 per cent.). Beyond this he found a depression 


that was greater the more dilute the starch he used. He also noticed 
that the effect of chlorides, bromides and iodides was in this order, 
chlorides having the greatest effect. Griitzner*® has published a paper 
recently, on the influence of various electrolytes on pancreatic amylopsin. 
In the main he confirms Kiibel’s results. He also states that magne- 
sium and sodium sulphates in quite small amounts ( os almost 
completely stop the action of pancreatic amylopsin on starch, that they 
are in fact “specific poisons” for the ferment. 

As far as I am aware, nobody has tried the effect of a classified series 
of salts on these ferments, or even worked in solutions rendered salt-free 
by dialysis, The first salt I worked with was sodium chloride. 


1 Nasse. Pfliiger’s Archiv, x1. p. 188. 1875. 
2 Kiibel. Pfliiger’s Archiv, p. 276. 1899. 
Griitzner. Pfliiger’s Archiv, xot. p. 195. 1902. 
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Exp. V. The influence of sodium chloride on ptyalin Starch: 
Ferment: by aloohol method, dialysed. 


«00089 80” iN 078 1’ 15” 
00078 vir | gan “156 


This experiment shows that sodium chloride enormously accelerates 
the action of ptyalin, and that the maximal concentration is between — 


pa (‘195 per cent.) and ; (1:46 per cent.). It also shows that there is 


no sharp rise and fall in the activity of the ferment as the salt is 
increased in amount, in marked epyomcion to the effect of econ 
avid. 

‘This accelerating influence of chlorides is quite constant. — 

In various experiments I have sees the following results. 


Time without NaCl 
85’ 6’ | 80” 
60” 
1’ 10” 44’ 1’ 920’ 
94’ 1’ 20” | 


Having found that sodium chloride had. this remarkable effect, 
I proceeded to work with other chlorides, to determine whether the 
acceleration was due to the sodium or the chlorine. 


Salts : | | 
Salt added Time Belt added 


Time 

0 20” NH,Cl 50” 
NaCl 50” MgCl, 52” 
KCl 50” BaCl, 45” 


The acceleration therefore seems to be due to the influence of the 
chlorine ion, all chlorides having about the sume effect. 
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I next investigated the salts of other acids, with the —— 
results. 


- Exp. VII. The influence of salts on ptyalin. Starch: 1 p.c. dialysed. Ferment: by 
alcohol method, dialysed. Salts: in equivalent solutions, not equimolecular solutions. 


Time withou 
salt Salt added Salt added 
N 
5’ NaCl 45” 
20 1’ 10” 
5° 20” KBr N 60” N 
| NaCl 5 10” 
5’ 20" MgSO, 3 
715” Bah» 15” 
, ' N 
5’ 20” Na,80, 55 3’ 15 15” K 80,55 7 
N 
N 
9’ 80” MgSO, 55 6’ 
a,SO 
: 9’ N — 7’ 
N , N , 
| 4’ 30” NaCl 5, 1’ 20” 6 KNO, 10’ 
4’ 30” 7 K,80, 8’ 20’ 


It can be seen that sulphates accelerate the action considerably, but 
not nearly so markedly as chlorides and bromides. This is in direct — 
opposition to the statement of Grtitzner’, that Na,SO, and MgSO, | 
both destroy the ferment, even when they are present in a concentration 


of 
6400 
I ie myself noticed a certain depression by toi but only 


when their concentration is high. 


1 Griitaner. loc. cit. 
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. Exe. VHI. The influence of sodium sulphate on ptyalin. Starch: 1 p.c. — 
Ferment: by alcohol method, —— 


134 0 194’ 
184 
as 
24’ 


It will be seen from Exp. VII. that the acceleration produced by 
sulphates hardly compares with that produced by*chlorides, and this — 
accounts, to a certain extent, for the difference between the results 
obtained by Langley and by Schlesinger in neutralising saliva with 
acids. Langley working with hydrochloric acid found a marked 
acceleration: whilst Schlesinger with sulphuric acid sometimes found 
a retardation, never an acceleration’. In the next table I show the 
effect of the salts of a number of acids. Their significance is best 
realised if I arrange them in three columns according to the basicity of | 
the acid, adding in another column the chemical avidity of the acid’®. 


Exp. IX. The influence of salts on ptyalin. Starch: 1 p.c. dialysed. Ferment: by 
method I., dialysed. | 


Monobasic Dibasic Tribasic 


— 
KBr bei oxalate | 
formate oe" The mean time without salt was 4’ 5” 
Sodium} 55-009 


1 Schlesinger. loc. cit. 


_ ® The avidities I give are those taken from Ostwald’s Outlines of General Chemistry, 
1895, p. 
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-T have a less complete series with a dialysed alcohol ferment. 


Exp. X. The influence of salts on ptyalin. 


“Monobasie Dibasic Pribasie 

| N 
NaCl 1/25” 100 | Na,SO, 20° | Sodium) 

«KI : Time without salt 

KNO, | 7’ 30” 915 Ammonium 023 
Sodium) 
acetate 


_It is clear from these experiments that the salts of strong acids 
accelerate the action of ptyalin on starch, the accelerating influence 
being the greater the greater is the strength (avidity) of the acid. 
With salts of weak acids there may be a retardation, the more pro- 
nounced the weaker the acid is, and especially prominent in salts of 
dibasic and tribasic acids, | 
_ The hypothesis that I have formed with regard to these results is as 
follows :— 

The hydrolysis of starch by ptyalin is accelerated by the presence in 
the solution of electro-negative ions (anions) other than hydroxyl ions, 
and depressed by the presence of electro-positive ions (kations) and by 
hydroxy! ions. 

The acceleration due to a negative ion varies with the nature of the 
ion, being greatest for the anions of strong acids, and least for the 
anions of weak acids. 

An optimal concentration of these anions can be reached, the further | 
addition being without effect. The optimal concentration is increased 
by increasing amounts of ferment, its relation to the concentration of 
the starch being at present undetermined by me. 

The ferment is destroyed by a certain concentration of hydrogen 
ions. One is justified in making this assumption from the researches of 
Langley and Eves’, who showed that if ptyalin be kept with 0°005 per 
cent. hydrochloric acid for an hour at 39°C, its amylolytic power is 
almost destroyed even after neutralisation. 

On this hypothesis the effect of any electrolyte on the rate of action 
is compounded of two factors: | 


1. The acceleration due to the anion. 
2. The depression due to the kation. 


1 Langley and Eyes. loc. cit. 
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I will now endeavour to show how the results of my experiments — 
agree with this hypothesis, and will commence with the influence of 
hydrochloric acid. 

From the results given in Exps. 1. to TV., it can be seen that the 


addition of small quantities of hydrochloric acid accelerates the 


amylolytic action considerably, whilst larger amounts depress and 
finally destroy the ferment. We must imagine that the chlorine ion is 
the factor which increases the action and that in low concentrations of 
acid the depression due to the hydrogen ions is not sufficient to show 
itself against the acceleration of the chlorine ion. The time for the 
completion of the reaction is thus shortened. By increasing the amount 
of acid we at length reach a point at which the concentration of the © 
chlorine ions is sufficient to produce an optimal effect. If now we 
increase the concentration of the acid we cannot accelerate the action | 
any further ; we cat only depress it, and this in two ways: 

1. By the actual depression due to the H, ion continually in- 
creasing. 

2. By the destruction of the ferment which increases with in- 
creasing concentration of the H., ion. 

A simpler explanation of the curve given in n Fig. 1 might be that 


the addition of hydrochloric acid in small amounts increases the action 
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by neutralising somé alkali present, and thus replacing the depression 

due to OH_ ions by the augmentation due to the Cl, ions.) I am 

strongly of opinion that this is not the case, and in support of the view. 
that I have adopted I bring forward the following arguments. 

I The effect is always obtained no matter how carefully the 

ferment and the starch paste are dialysed. 

II. If we have the ferment working in a medium in which we have 
produced an optimal concentration of Cl_ ions by the addition of sodium 
chloride, it ought to be impossible, according to my theory, to accelerate 
the action by the addition of small amounts of hydrochloric acid. All 
that can happen is a retardation due to the hydrogen ions. But if the 
acceleration produced by traces of hydrochloric acid is due to the 
neutralisation of an alkali, we ought to obtain an acceleration by the 
addition of the acid, even in presence of sodium chloride. The following 
experiments were performed to settle this point. 

Exp. XI. The influence of a mixture of sodium chloride and of hydrochloric acid on 
ptyalin. Starch: 1 p.c. dialysed. Ferment: various samples by alcohol method, all 


NaCladded HC) added Time NaCl added HCladded ‘Time 
0 0 18’ 80” 0 0 6 
1 1 ” 
N 1’ 80’ 0 N 15 
aN 0 32” 0 30” 
1 1 1 1 
N aa N 50” N 15” 
0 coe 18’ 30” 0 0 4’ 5” 
1 
1 0 1’ 20” 
N 0 80” 30 
1 1 i 
N 85” N 7500 N 1’ 50’ 
0 0 12’ | 
0 N 1’ 85” 
aN 0 40” 
N 1’ 10” 


The amount of sodium chloride added is that which I had previously found to give 
optimal action. 


It can be seen that in every case the addition of the acid to the pure 
ferment accelerates the action : but after the addition of sodium chloride 
the same concentration of acid has a distinct effect in the opposite 
direction. 
IIT. to this it ought to be impossible to accelerate 
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the action so markedly by the addition of hydrochloric acid as by the 
addition of sodium chloride. For in the first case, when we add 
sufficient acid to obtain the optimal concentration of chlorine ions, there 
will be a concentration of hydrogen ions sufficient to produce a certain 
definite depression effect. Experimentally I find this to be the. case, 
and so much the more markedly the more thoroughly the ferment has 
been dialysed. This being the case, it follows that in the action 
of amylolytic ferments on starch the depression due to the Na, ion is less 
than that produced by the H., ion ; also, that the acceleration produced by 
the Cl_ ion is much more marked than the depression produced by the 
Na, ion. I mention this now, because in Part IT., which deals with the 
influence of electrolytes on the action of invertin, the reverse is shown 
to be the case in both instances. | 

IV. If a dialysed ferment be mixed with hydrochloric acid, so that 
the mixture contains about ‘001 per cent. of hydrochloric acid, and this 
be dialysed against repeated changes of distilled water, we obtain 
a ferment solution which cannot possibly contain any alkali. Such 
a ferment responds to the addition of small amounts of added hydrochloric 
acid in a perfectly typical manner. 

Before I deal with the influence of neutral salts, I wish to state what 
I mean by “the nature of the ion.” _ From the results of many experi- 
ments, it has been clearly established that the chemical action of an acid 
is dependent on the concentration of hydrogen ions in the solution, and 
that this concentration of hydrogen ions depends on the degree to which 
the acid is electrolytically dissociated in solution. It is obvious that the 
extent to which an acid is dissociated in solution must depend on the 
nature of the negative ion: that there must be some property of the ion 
which confers upon the acid the high or low degree of electrolytical 
dissociation. 

This property of the ion must always belong to it when the ion 
is free, no matter whether the ion is derived from the dissociation of an 
acid or of a neutral salt. ‘ | 

In this connexion it must be noticed that the chemical activity of an 
acid, on the hydrolysis of cane sugar or methyl acetate, is not necessarily 
dependent on the concentration of the hydrogen ions alone. The 
negative ion possibly and even probably takes some share in the action. 
In fact Arrhenius’ has indicated that such is the case. He finds that 
the addition of NaCl to hydrochloric acid increases the chemical activity 


1 Arrhenius, Lehrb. d. Elektrochemie, 108. 
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of the wid the hydrolysis of cane sugar being increased as much as 2°5 
per cent. I have confirmed this for myself, and find that the addition 
of strong solutions of NH,Cl, NaCl and BaCl, to weak urensiee of HCl 
almost doubles the hydrolysis of cane sugar. 

Now it is practically certain that in a mixture of electrolytes 
containing a common ion, the dissociation of both is decreased. So 
that the effect of adding chlorides to hydrochloric acid must be 
to decrease the concentration of hydrogen ions. The increased 
hydrolysis effected by the mixture must therefore be due to some 
action of the chlorine ion. 

Arrhenius! gives the following formula for the catalytic action (K) 
of an acid on sugar inversion : 


K = + 
The constant B depends on the H, ion some, whilst b is dependent on 
the anion. 

Since B is very great in comparison with b, we have for all but large 
concentrations of acids 

| K = Beg 

I feel confident that this value b depends on “ the nature of the ion,” 
and is greater the more strongly the acid from which it can be imagined 
- to be derived is electrolytically dissociated. I would suggest that this 
property of the ion be named “ the actinising power of the ton.” 

Turning to the results of Exps. V. to X. we see that salts of mono- 
basic acids nearly all produce an acceleration of the action, greatest 
with chlorides and salts of strong acids, and least with the salts of weak 
acids, until with sodium acetate there may even be a retardation. At 
the concentrations taken (5 to 5) , the dissociation of these salts is 
about the same, so that the concentration of the negative ions must 
be nearly equal in all cases, The differences in effect must therefore 
be due to the variations in what I have termed the actinising powers 
of these negative ions, the actinising power of the chlorine ion being 
the greatest, and, of the monovalent ions I have worked with, that 
of the acetyl ion the least. _— 

The depression produced by salts of weak acids, such as acetic acid, 
can be explained an the assumption that the accelerating influence, the 
actinising power of the negative ion, is less than the depressing power 
of the — ion. But we have also to take into account the 
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hydrolytic dissociation of these salts. Thus sodium acetate is partly 
decomposed by water into sodium hydrate and acetic acid, Sodium — 
hydrate, being a strong base, is almost fully dissociated, whilst acetic 
acid, being a weak acid, is only feebly dissociated. So there is 
a preponderance of sodium and hydroxyl ions over the hydrogen and 
acetyl ions, and the solution reacts alkaline to litmus. 

Now I have assumed that hydroxyl ions are the only electro-negative 
ions that do not accelerate the action of. the ferment, but that they 
inhibit it : and so the depressing influence of sodium acetate might in 
part be due to the hydroxyl ions set free by the hydrolytic dissociation 
of the salt. 

I have been unable to detect any marked differences in the de- 
pressions produced by various kations, and it might be objected that 
I have not shown that these ions do depress the action of the ferment 
at all. But I think that this is a necessary assumption on any 
- interpretation of results I have obtained, an assumption, too, which 
is strongly supported by the results to be given in Part II. 

Dealing next with the salts of divalent acids, we are met with the 
difficulty that our knowledge of the dissociation of such substances 
is but limited. It is generally supposed that at moderate dilutions 
sodium sulphate dissociates into one Na’, ion and one NaSO,'_ ion, the 
splitting into two Na, and one SO,”_ ion not taking place until we 
have a yery great dilution. Even at very great dilutions the positive 
accelerating effect of the SO,”_ ion would be counterbalanced to 
a certain extent by the retardation due to the two Na,, ions. And 
with greater concentrations of sulphate it might be that the accelerating 
‘influence of the NaSO,' ion is but small in comparison with that 
produced by such a simple ion as a chlorine ion. 

Experimentally we see that the effect of salts of di- and trivalent 
acids is usually to produce a retardation. This can be explained on the 
reasons given above, it being impossible to obtain any large concentra- 
tion of free simple ions, like SO,” ions. Possibly also the actinising 
power of a divalent negative ion is less than that of a monovalent ion, 
even when the acids from which they may be considered to arise have 
the same avidity. 

During the whole course of this investigation I have kept before me 
the possibilities of the view that the effects of these electrolytes might 
be due to some influence on the starch or the products of its hydrolysis. 
Hardy’ has shown that electrolytes in low concentrations have the power 


i W. B. Hardy. Proceedings of the Royal Society, uxvi. p. 95. 1900. 
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of aggregating certain colloids, This power of the salts is a function 

of the valency of the ions which are responsible for the effect, being . 
as #, a and 2° for monovalent, divalent and trivalent ions respectively’. 
It is quite possible that the marked retardation observed with di- and 
trivalent: salts is due, to a certain extent, to a lowering of the “solubility” 
of the starch by the addition of such substances. This question will 
be further dealt with in Part IL. 

I will now add some further facts that helped me to form the | 
hypothesis I have given. 

1. It is well known that the electrical Saicuiiailes, and so the 
ionisation or the velocity of the ions of an aqueous solution of an 
electrolyte, is decreased by the addition of alcohol. If the hydrolysis 
of starch by a ferment is aided by the presence of free ions in the 
solution, the addition of alcohol should result in a retardation, by 
reducing the number of the ions. Experimentally we find this to 
be the case. | 

Further, I find that when working in a solution containing alcohol, 
acceleration and subsequent retardation of the action by the addition 
of acid are not so readily accomplished as in an alcohol-free mixture, the 
curve being much less steep. This is due to the fact that the dis- 
sociation of the acid is decreased by the alcohol, and so the concentration 
of hydrogen ions in a given strength is less in a solution containing 
alcohol than in water. 

The same statements hold good for the effect of glyverin, only to 
a less extent. 

2. In the presence of a low percentage of sulphates the addition 
of small quantities of sulphuric acid increases the action. This is 
probably due to the fact that the addition of sulphates to the acid results 
in the formation of acid salts. 

With the sulphate alone, in low concentrations, we might obtain the 
following ions : 

| Na’, Na’ and SOQ,”. 
On the addition of sulphuric acid we probably get 
Na’, Na’, HSO,’ and HSO,’. 

If the accelerating influence of HSO,' is more than half that of SO,”, 
the result of adding sulphuric acid to a ferment mixture contaming 
sodium sulphate will be to produce an acceleration of the action. - 
3. The addition of a relatively large percentage of hydrochloric acid 


1 Hardy and Whetham, Proc. Roy. Soc. 1900. 
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to a ferment solution containing lactates or acetates has a pronounced 
accelerating influence, the same percentage of acid in the absence 
of these salts entirely preventing the action of the on I — 
an experiment showing this result. 


_ “Exp. XIL The influence of hydrochloric acid on ptyalin in the presence of calcium 
lactate, Starch: 1 p.¢. dialysed. Ferment: by alcohol method, dialysed. 


Hydrochloric Calcium Hydrochloric Calcium lactate 
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Thus whereas a HCl retarded in the absence of calcium lactate, 


a HCl produced no retardation and BA had a marked accelerating 


icles | in the presence of calcium lactate. The explanation is that 
_ by the decomposition of the lactate by the hydrochloric acid, calcium 
chloride and lactic acid are formed. Calcium chloride is freely dis- 
sociated, and has a strong accelerative influence by virtue of the chlorine 
ions. Lactic acid is only feebly ionised, so. that no great concentration 
‘of hydrogen ions is produced to depress the ferment. 

 'T have tried the influence of several acids on the rate of action. 

It is clear that with the same concentration of different acids the 
number of hydrogen and of electro-negative ions will vary with the avidity 
of the acid. So that with weak acids the depression due to the hydro- 
gen ions is less than that produced by a strong acid of the same concen- 
tration. But, according to my hypothesis, the acceleration due to the 
negative ion is also less the weaker the acid is. From the hypothesis 
and the results of the experiments with hydrochloric acid we should 
expect that all acids would increase the action, the maximal augmenta- 
‘tion being greater the greater the avidity of the acid, and the concentra- 
tion of the acid necessary to produce this maximal effect being less the 
the avidity. 

| This agrees with the results of the few experiments I have performed 
in this connexion. 

As to the action of alkalies on these ferments, I have assumed that 
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| bedieiaks ions depress the activity. It may be that these ions accelerate: 
_ very slightly, the acceleration being less than the depression produced. 
by sodium ions.. I was unable to find any acceleration of the action by | 
adding even the smallest traces of sodium hydrate or sodium carbonate, 
a marked depression being produced by the addition of as little as 
‘00005 per cent. of sodium carbonate to a dialysed ferment. In agree- 
ment with the results of Langley and Eves’ experiments, I find also 
that alkalies do not readily destroy the ferment, the activity being 
as great after neutralisation with hydrochloric acid as before the addition 
of the alkali, in fact it was often distinctly greater owing to the presence 
of sodium chloride. The presence of sodium carbonate in saliva would 
therefore seem to inhibit carbohydrate digestion in the mouth. But on 
neutralisation by the acid of the stomach the sodium chloride produced 
must give the ptyalin a good opportunity of very rapidly digesting the 
starch, this action proceeding with great activity until the whole of the 
proteids have been saturated with hydrochloric acid. 

Since the action of electrolytes on pancreatic amylopsin i is identical 
with their influence on ptyalin, carbohydrate digestion in the duodenum 
can only go on during the interval between the neutralisation of the 
alkalies of the intestinal, biliary and pancreatic secretions by the acid 
- chyme, a neutral medium containing sodidm chloride being thus 
produced, 

Referring to the results obtained by previous workers on the 
influence of hydrochloric acid on ptyalin and amylopsin, the differences 
between those of Langley and myself, on the one hand, and of Kiibel, 
Vernon and Griitzner, on the other, can possibly be explained as 
follows. 

Vernon and Griitzner used glycerin extracts of pancreatic glands. 
These extracts contain, besides the glycerin, a varying amount of 
proteids and ammonium salts of lactic and other weak acids, Kiibel 
used unneutralised saliva to which he added three parts of glycerin. 

We have seen that in the presence of glycerin, proteids, lactates or 
alkalies, the strength of acid that retards the action of the ferment is 
considerably greater than with pure materials, In a solution containing 
two, three or all of these, it is quite possible that the maximal activity. 
is reached with a strength of hydrochloric acid that would depress or. 
even destroy the ferment when this is more or less free from admixture 
with such substances. 

Qne further point remains for discussion. It has been shown by 
Schoenbein’ and others that a colloidal suspension of certain metals, 


1 Schoenbein. Journ. f. prakt. Chem. uxxxv. 
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as platinum and gold, has the power of decomposing solutions of hydro- 


gen peroxide into oxygen and water, and that this property of decom- 


posing hydrogen peroxide belongs also to the whole class of “ organic” 
(unorganised) ferments. These colloidal suspensions have therefore 
been called “inorganic ferments,” and it has been supposed that the 
action of organic ferments is similar in nature to that of the inorganic ; 
the specific action of the organic ferment being an expression of a 
“catalytic” action as much as their power of decomposing oe 
peroxide, 


J. Jacobson’ has investigated the influence of various salts on the 
action of pancreatic amylopsin on hydrogen peroxide. He finds that 


0'5 per cent. of the chlorides of potassium, sodium and ammonium, and 
0:25 per cent. of calcium and barium decrease the action in the above 


order, potassium chloride the least, and barium chloride the most. 


Sulphates and nitrates also have a very marked inhibitory action. 
I have shown above that the effect of these electrolytes on the specific 
action of the ferment is exactly opposite in nature. We are therefore 
driven to one of the two following conclusions : 

Either (1) that the specific ‘action of the ferment is in no way 
related to the action of the ferment on hydrogen peroxide, or (2) that 


the influence of thé electrolyte described in my experiments is mainly, — 


at any rate, on the colloidal starch or its primary hydrolytic products. 
From the reasons given above? I am strongly inclined to take the 
first view, but it is a point which must await further investigation. 
to express my gratitude to Prof. 8. P. Budgett of Washing- 
ton University for the generous assistance he gave me in the experi- 
mental part of this work during his visit to Cambridge last summer. 


SUMMARY. 


1. ‘The action of dialysed ptyalin on dialysed starch is increased by — 


the addition of very small amounts of acids and of the neutral salts of 
strong monobasic acids. 
2. The action is decreased by the addition of larger amounts of 


acid (00007 to 0°0012 per cent. of hydrochloric) and by the neutral 
salts of weak monvovasic, divesic and tribasic acids. 


‘8. A hypothesis is brought forward to relate these effects. 


1 Jacobson. Zeit. f. physiol. Chem. xvi. p. 340. 1892. , 
2 See also Part II. of this paper. — Ai abe 
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ON THE SYMPATHETIC SYSTEM OF BIRDS, AND ON 
THE MUSCLES WHICH MOVE THE FEATHERS. 
By J.N. LANGLEY, Sc.D., F.R.S., Professor of Physiology im 


the University of Cambridge’. (Thirteen Figures‘in Text.) 
“ee the Physiological Laboratory, Cambridge.) 


| CONTENTS. 
~Method. Anatomical introduction. Means of determining the distribution of 
sympathetic nerve fibres. 
p. 225. Origin and course of sympathetic fibres. (Origin. Course to skin. Distribution 


of post-ganglionic fibres. Commissural fibres. Ganglionic connection of the 
several spinal nerves. -Axon reflexes.) 


: section. Afferent fibres.) 
p. 237. Movements of the feathers. 


p. 289. Action of drugs. Asphyxia. 
p. 241. Muscles of the feathers. 


In a number of earlier papers I have given an account of the arrange-_ 
ment of the sympathetic nervous system in mammals’. In this paper, 
I propose to consider how far the broad results obtained in mammals hold 
also for birds. Incidentally, some subsidiary matters connected with the 
sympathetic system such as the mechanism of movement of the feathers 
will be dealt with. 

Method. The experiments were made on pigeons, fowls, and one or 
two on ducks. The animals were always anesthetized. Ali the usual 
angsthetics work well. Perhaps the best method is to give chloroform 
under a bell-jar, then A.c.E. by a tracheal tube; and when curari is also 
administered to inject 1 p.c. morphia hydr. intravenously, and to give 
4.C.E. from time to time by the tracheal tube. 

It is essential to take care that the trachea does not get stopped 
up; in pigeons, in which the secretion consists of a whitish thick mass, 
_ 1 Preliminary accounts of some of the observations given here have been published in 
the Proc. Physiol. Soc. (This Journal, xxvu. p. xxxy. 1902, and xxvmz, p, xiv. 1902.) 


—* Cf. Langley, ‘The Sympathetic Nervous System,’ Text Book of Physiology, edited by 
E. A, Schiifer; and ‘The Autonomic Nervous System,’ Brain, xxvi. p. 1. 19038. 
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it was generally necessary during the winter months to clean out the’ 


tube and trachea two or three times in the first half-hour, and once or 
twice later. 

In the experiments in which the cervical sympathetic was cut and 
the animal allowed to recover, a mixture of ether and chloroform (with pine 
oil) was used as an anesthetic. The wounds healed with great rapidity. 

The stimulation of the spinal nerves in the vertebral canal presents 
considerable difficulties on account of the bleeding which occurs on 
isolating them ; moreover the nerve roots are so short that there is great 
risk of escape of current to the sympathetic trunk. The best method 
I find is to isolate the spinal cord on either side of a given nerve and to 
stimulate the piece of cord. In the pigeon the cord is fairly firm, so 
that a piece can be cut out on either side of the nerve, and if required 
the roots of one side can be cut and the cord with the nerve roots of the 
opposite side held up. In the fowl the spinal cord is soft, and it is best 
to force a piece of sponge into it on either side of nerve root ; remov- 
ing the sponge when the cord with its attached roots are stimulated ; 
this method must also be adopted in the cervical region of the pigeon 
on account of the large veins present. 

Anatomical introduction. In the fowls and pigeons on which I have 


experimented the usual arrangement of the nerves has been as in 


Fig. 1. 


ii 


Fig 1. 


The points to be borne in mind in this arrangement are: 


(a) The last cervical nerve is the last large nerve to the brachial 


plexus. According to Ftirbringer this is the 14th cervical in the 
pigeon, and the 16th in the fowl A small strand may or may not run 
to it from the Ist thoracic nerve. 


(b) There are four thoracic nerves; these being Hatt ingu sched ty 3 


their passing: over the lung. 


nerves, 


_(c)° The crural arises from the 3rd, 4th, and 5th pst thoracic 
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Considerable variations occur from the arrangement here given. 
These have been described by Fiirbringer. Thus the brachial plexus 
may receive a fairly large branch from the Ist thoracic nerve, and some- 
times an extra upper lumbar nerve may be present. In the latter case 
part of the 3rd post-thoracic nerve runs through the dorsal part of the 
kidney in the manner of the Ist and 2nd post-thoracic, and part runs to 
the crural, the crural itself arising from the 3rd, 4th, 5th, and 6th post- 
thoracic, the main origin being the 4th and 5th. In the following 
account I have neglected the results obtained in the few cases in which 
either.of these varieties occurred. The results so far as they go show 
that the origin of the sympathetic fibres from the spinal cord varies 
with the arrangement of nerves as it does in the mammal. The sciatic 
may arise from 6 nerves instead of 5, but that does not affect the results 
given here. 

Most of the main features of the anatomical arrangement of the 
sympathetic have long been known’. Unlike the mammal the bird has 
a sympathetic ganglion on each of its cervical spinal nerves. In the 
cervical region the ganglia are closely attached to the spinal nerves, in 
the thoracic region they lie also in close proximity to the spinal ganglia. 
It is only in the lower part of the chain that rami communicantes 
visible to the eye appear. On teasing a cervical sympathetic ganglion 
with its attached nerve small medullated fibres passing between the 
ganglion and the nerve, usually in two separate bundles, are seen, but the 
fibres are apt to breuk off short at the ganglion. 

In the fowl the sympathetic trunk in the region between the last 
two cervical and the Ist thoracic nerves consists of two strands, a dorsal 
and a ventral. The splanchnic arises from the thoracic nerves; small — 
branches run to the lower viscera from the upper lumbar nerves. 

The distinction of white and grey rami communicantes which exists 
in the mammal does not exist in the bird, since the very great majority, 
if not all, of the fibres given off by the sympathetic vertebral ganglia 
are medullated fibres. The fibres acquire a medullary sheath a short 
distance from the nerve cells. In the cervical sympathetic between the 
ganglia no non-medullated fibres, so far as I have seen, exist. The 
cervical sympathetic consists of small nerve fibres, rather larger in the 
fowl than in the pigeon. In the lower cervical region a few fibres more 
than 6y in diameter usually appear: and median to large nerve fibres 
are fairly numerous in the thoracic region. 

Op. Bidder and Volkmann. Die Selbststindigkeit der Symp. Nerven-systems, 
Leipzig, 1842, p. 49. | 
15—2 
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There is no great difficulty in isolating and ligaturing the cervical 
sympathetic either in the pigeon or in the fowl, provided it has been 
previously dissected and its position been carefully noted. The later 
part of the operation is best performed with the aid of a dissecting lens. 
The following. directions for dissecting the cervical sympathetic in the 


fowl may be of use’. 


On cutting through the skin in the mid-ventral line of the nish, “a 


and pulling the trachea to the right of the animal, the flat surface of the 


vertebra with the attached muscles is seen. This shows three distinct 
lines of tendon, a central one, (underneath which and close to the bone are 
the carotid arteries,) and two lateral ones. On looking at the lateral 
surface of the vertebral column with its muscles the ventral cutaneous 
branches of the several spinal nerves (v.b.) are seen issuing from the 
muscles a little laterally of the lateral tendon line spoken of above; 
more dorsally the smaller dorsal cutaneous branches (d.b.) issue (Fig. 2). 


t \\vb ab\\vb 
B 


Fig. 2. Diagram to show dissection of the cervical sympathetic in the fowl. Cervical | 


vertebree and muscles seen from the side. L.—lateral tendon; a.—muscles to be 
cut away to expose the transverse process of the vertebrm (tr. p.), and the con- 
nective tissue tube which forms the sheath (s.) of the nerve and artery. .v. b.—ventral 
cutaneous branch of cervical nerve; d.b,—dorsal cutaneous branch; t.—tendon; 


C.—transverse process cut away and sheath cut open, exposing the cervical sympathetic 
(c. sy.), and the intervertebral artery (i. a.). 


Just ventrally of the dorsal branch is a short, conspicuous tendon (t.) ; 
a longitudinal cut is made through this and carried back to the level of 
the nerve above; the muscles for about 3 mm. ventrally of this cut are 
excised, this brings into view the transverse process of the vertebra (cp. B). 
At the posterior end of the transverse process at a slightly deeper level 
a whitish connective tissue tube is seen (s.), this contains the inter- 
vertebral artery and the cervical sympathetic nerve, it runs under the 


1 Descriptions of the cervical sympathetic and of the superior cervical ganglion are 


‘given by Jegorow, Arch. f. d. ges. Physiol. xix. p. 326, 1887, and Arch. f. Anat. u. 


Physiol. 1890. Physiol, Abt. Suppl. p. 1. In the latter paper reference is made to 


E. Weber, Anatomia comparata nervi sympathici, —— 1817, and to — Ann, a. ’ 
Sci. Natur. vu, 1889, 
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transverse process. The transverse process is cut away and the tube 
slit up (cp. O); the white cervical sympathetic nerve will be seen (c. sy.), 
and can be separated from the artery (t.a.) at any 
ligatured; and then further isolated. 

Means of determining the distribution of sympathetic nerve fibres. 
order to determine the distribution of the sympathetic fibres in in 
skin, it was advisable to find some easily observable effect produced by 
stimulating the sympathetic nerves. The analogy of the movement of 
hairs in the cat led me to look for a movement of feathers in the bird. - 
It had already been noticed by Jegorow’ that stimulation of the — 
cervical sympathetic nerve in the turkey caused depression of the | 
feathers. On experiment I found that on stimulating the spinal cord 
after curari had been given in addition to ansthetics, movement 
occurred in the contour feathers over the whole of the body. The 
movement was usually a depression of the feathers, so that they were 
drawn closer to the body, but sometimes erection, like that caused 
apparently voluntarily when a bird ruffles its feathers. The same 
movements were obtained in. different regions of the body on stimula- 
ting different portions of the sympathetic system. Of the conditions 
influencing the kind of movement I shall speak later; for my immedi- 
ate purpose it is sufficient to note that the movement of the feathers in 
the bird can be used in the same way as the movement of hairs in the 
cat for the purpose of —— the origin and course of the sympa- - 
thetic ahees: 


ORIGIN AND COURSE OF SYMPATHETIC FIBRES. 


a. Origin. In the mammal the sympathetic fibres pass from the 
spinal cord in the region lying between the brachial and lumbar plexuses, 
slightly overlapping both of these. The first point then to settle is 
whether the cervical nerves send efferent fibres to the sympathetic 
ganglia. 

Perhaps the most conclusive result is obtained by the degeneration 
method; this I will consider first. Four experiments were made in 
which the cervical sympathetic was cut, one to four segments above the 
origin of the brachial nerves; after an interval the nerve was stimulated 
and histologically examined. 

Exp. 1. Fowl—time allowed for degeneration — 5 days. 


Exp. 2. Pigeon ” a ” — 6 days. 
Exp. 3. Pigeon n- —21 days. 
Exp. 4. Pigeon __e,, for regeneration—14 years. 
Op. cit. supra. 1890. 
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In Exps. 1 to 3 stimulation of the peripheral end (i.e. the head end) 
of the nerve between the ganglia had no effect of any kind either on 


the head or neck. Consequently all the fibres in the trunk of the 


nerve causing the usual sympathetic effects on stimulation must have 
arisen from the spinal cord below the spot cut, and have run headwards 
in the nerve. On stimulating a ganglion, a movement of feathers was 
obtained in the patch of skin innervated by the corresponding spinal 
nerve, 

In Exp. 4 the usual effects were , obtained, 4.6. the nerve bad re- 
generated. 

The cervical sympathetic above and below the point of section was 
placed in osmic acid, and teased out and examined microscopically. 

In Exps. 1 and 2 the results were the same, The central end of the 
sympathetic from the Ist ganglion below the point of section to the 


thorax showed no degeneration, not even of a single fibre. At the 


neurome there was of course traumatic degeneration, towards the 
ganglion this rapidly decreased, but two or three degenerated fibres 
were traced as far as the ganglion. In the peripheral end of the | 
sympathetic the degeneration was all but complete in the regions — 
between the ganglia, the number of sound fibres varied, usually there 
were 1 to 4, all small, and occasionally rather more. In the rami no 
degenerated fibres were found. The ganglia contained some normal 
small fibres, no doubt the post-ganglionic fibres passing off to the rami. 
In the upper cervical region the spinal nerves form loops, consisting 
chiefly of large nerve fibres, which are closely attached to the sym- 
pathetic; these of course remained normal. 

In Exp. 3 the myelin of the degenerated fibres had bean absorbed 
and the nerve had the appearance of a non-medullated nerve. As in 
Exps. 1 and 2 a few small sound medullated fibres were present, varying 
in the different portions from 4 to 10. 

In Exp. 4 the nerve had recovered its normal aspect. 

The result obtained by the degeneration method was confirmed 
in the following ways (the animals “ course being anssthetized ; 
cp. above) : 

(a) The spinal cord is cut below the spinal bulb (medulla oblongata). 
On stimulating the peripheral end, movement of feathers ensues on the 
head, neck, and the rest of the body’. The cord is then cut again about 
the level of the upper brachial nerve. On stimulating the cord below 
the spinal bulb no movement of feathers is obtained. On stimulating 

' Before the cord is cut the effect is obtained by stimulating the central nervous system 
from the thalamic region downward; I have not obtained it from the cerebrum or cerebellum, 


aged 
i 
5 
ig 
| 
4 
| 
| 
& | 
4 
ij 
it 
yy 
*) 
¥ 


SYMPATHETIC SYSTEM OF BIRDS. . 227 - 


the peripheral end of the cord where it is cut in the lower cervical 
- region movement of feathers is at once obtained in the head, neck, and 
elsewhere. 

(6) The cervical sympathetic is cut on both sides in the lower 
cervical region, the striated muscles are paralysed by curari, and 2 to 10 
mgrs. of strychnine sulphate is then injected into a vein. Movement 
_ of feathers occurs on the whole body except on the head or the neck 
above the point where the sympathetic nerves have been cut (cp. p. 239). 
3 (c) The cervical sympathetic nerves are cut as in (6), or the bird 

is allowed to die of asphyxia, either with or without administration 
of curari. No movement of feathers occurs on the head and neck, but — 
it does on the rest oi’ the body (ep. p. 239). 

These observations agree in showing that the cervical nerves down 
to about the origin of the brachial nerves send no —— fibres to the 
sympathetic. 

It is more difficult to determine which nerve is the first to send 
fibres to the sympathetic, but by stimulating the nerve roots in the’ 
manner given above (p. 222) I find, both in the pigeon and the fowl, 
that the last large nerve to the brachial plexus (cp. Fig. 1), we. the last 
cervical nerve, is the first to cause movement of feathers and the other 
effects of the cervical sympathetic. 

The next point to determine is whether, as in the ational the 
lower part of the spinal cord sends no fibres to the sympathetic. This 
I have tried in two ways: 

(a) By cutting the spinal cord just ines the first nerve, which — 
sends fibres to the sciatic and stimulating the lower end after adminis- 
tration of curari. No movement of feathers occurs. 

(6) By cutting the cord as in (a), destroying the cord above up to 
the cervical region, then either injecting strychnine or killing by 
clamping the tube in. ~ trachea, In neither case is any movement 
of feathers produced. — 

When the piece of “— just above the origin of the crural nerve 
is stimulated movement of feathers in the posterior part of the body 
is produced. This is always caused by stimulating the piece of spinal 
cord attached to the first spinal nerve sending fibres to the crural nerve, 
the cord being cut above and below. I have generally found an effect 
from stimulating the piece of spinal cord attached to the second nerve 
sending fibres to the crural. Each segment of the cord between the 
origin of the brachial and lumbar nerves gives on stimulation move- 
ment of feathers. 
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Thus the origin of the sympathetic is from the last cervical to the 
3rd or 4th lumbar (cp. Fig. 1); this closely resembles the origin in 
_ the mammal, but apparently overlaps a little more the origins of the 
limb-plexus in the cervical region. 

b. Course to the Skin. Since section of the cervical sympathetic 
causes no degeneration in the rami proceeding from the ganglia, and 
stimulation of the ganglia produces its usual result, all the pre-ganglionic 
‘fibres, as in the mammal, must end in the ganglia. I have shown! that 
in the mammal the post-ganglionic fibres run to the skin by way of the 
cerebro-spinal nerves, and that the fibres which pass to two successive 

spinal nerves innervate successive areas which only overlap by about a 
_ millimetre, except in the region of the brachial and lumbo-sacral — 
where the overlapping is great. 

Tn the bird some observations have acs been made bearing. on 
this point in the region supplied by the cervical sympathetic. Schiff? 
_ found that the several spinal nerves supplying the lobes of the wattles 
of the turkey contained fibres which on stimulation caused pallor of the 
portion of the wattles to which they run. And Jegorow* observed 
that the cervical sympathetic contained vaso-constrictor fibres for all 
_ the erectile tissue in the head and neck of ‘the turkey on the side 

stimulated, and that: the fibres passed to the head by way of the 
5th cranial nerve, and to the neck by way of the cervical spinal nerves. 

Since small arteries run to the skin closely attached to the spinal 
nerves it is necessary to separate these in order to be certain that the 
sympathetic fibres do not accompany the arteries. In various parts 
of the body I have isolated the cutaneous nerves from the accompanying » 
vessels, and stimulated both nerves and vessels, and I have only found 
movement of feathers on stimulating the nerves. And that the 
sympathetic fibres do not take any other course to the skin except that 
of the cutaneous nerves can be shown by cutting the nerves and then 
stimulating the sympathetic or the spinal cord. The experiment is 
simplest in the case of the cervical sympathetic ; three or four successive 
cutaneous nerves can be easily cut, after this has been done stimulation 
of the cervical sympathetic has no effect i in the area of skin to which 
the cut nerves run. 

In order to observe satisfactorily the area supplied by the cutaneoes 
nerves, it is advisable to paralyse the nerve-endings of the striated 


cutaneous muscles with curari. 


1 This Journal, xv. p. 176. 1893. | : 
2 Schiff. Ges. Beitriige, Lausanne, 1. p. 183. . 3 Op. cit. 1890. 
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These striated cutaneous muscles have been described by various observers. 
They usually consist of a longitudinal and a transverse layer of * muscle, 
situated for the most part in the feathered areas, but not exactly corresponding 
with them’. The effect of their contraction is most easily seen in the ventral 
neck region, when the skin is cut in the middle line and turned outwards. 
Stimulation of the ventral branch of a cervical cutaneous nerve causes 
contraction in a patch which is much longer than that in which marked 
depression or erection of feathers occurs. Whether this overlapping of the 
areas affected by successive motor nerves is due to an overlapping of the 
nerve-endings or to a spreading-out of the stimulus along the muscle I have 

not determined; the contraction is at its maximum in the region in which the 
feathers move, but the outspread may be greater either above or below this 
region. Stimulation of the dorsal branch of the cervical nerves does not 


cause a sharp twitch of striated muscle, such as is caused by the ventral 
branch. 


The cutaneous branches of the successive spinal nerves except in the 
region of the limb-plexuses cause movement of feathers (so far as 
feathers are present) in successive bands of skin running round the 
body. It is not always easy to determine whether the successive areas — 
overlap or no. In stimulating a cutaneous nerve a patch of feathers 
is strongly depressed, and the skin in this area is markedly wrinkled, 
the amount of the wrinkling depending on the firmness of the attach- 
ment of the skin to the underlying tissue. These areas overlap either 
not at all or only by a single feather. The contraction in these areas 
naturally pulls on the skin above and below, so that there is more or 
less movement of the skin outside the areas in which there is strong 

feather depression. The skin movement is accompanied by some feather 
movement, it is a question whether the movement of feathers in this 
case is passive, or whether it is due to weak contraction of the penna- 
motor muscles. The former is the conclusion I have come to. The 
mode of attachment of the muscles of the feathers, which I shall describe 
later, makes it certain that some feather movement must occur outside 
the area of actual muscular contraction. On the whole, then, I think 
that the overlapping of the post-ganglionic nerve fibres of 
the cutaneous branches of successive spinal nerves is, as in 

‘the mammal, but slight. | 

| In the mid-dorsal and mid-ventral line (where there are feathers) 
there is also very little overlapping in the penna-motor fibres of the 


1 Cp. Helm. Journ. der Ornithologie, xxxu. 1884. 
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two sides, except in the dorsal region of the neck and posterior part 
of the shead, where it is considerable. 

The dorsal cutaneous branches of the spinal nerves a aay portions 
of skin only slightly behind their origin from the cord, the backward 
course increasing somewhat in the sacro-coccygeal region. Unlike the 
mammal, all the nerves of the limb-plexus seem to send fibres to the 
dorsal skin, except perhaps the last but one cervical nerve. 3 

The areas innervated by the ventral cutaneous branches of the 
nerves are in the lower part of the neck somewhat below the 
origin of the nerves, so that the lower part of the ventral cervical 
feathered area is innervated in the fowl by the 13th or 14th cervical 
nerve. Most of the primary ventral divisions of the nerves forming 
the brachial plexus supply the wing only and do not affect the feathers 
of the chest. © | 

The 1st and 2nd thoracic nerves, by their post-ganglionic fices, 
cause movement of feathers under the wing in the anterior part of 
the pectoral feathered area. The ventral continuation apparently runs 
to the unfeathered area in front of the ridge of the sternum. 

The 3rd thoracic? innervates the anterior part of the sternal feathered 
area and ‘a corresponding strip of the pectoral area. 

The 4th thoracic innervates a strip following on that of the 3rd 
thoracic and includes the end of the pectoral feathered area. This is 
the last nerve to run to the pectoral feathered area. 

The lst and 2nd lumbar nerves innervate successive patches of the 
sternal feathered area, the 2nd lumbar patch being the end of this area. 

The 3rd lumbar, and possibly the 4th and 5th, causes movement 
of feathers just in front of the thigh, and on its anterior outer portion. 
The region varies somewhat in different fowls, and may include a little 
more than half of the outer surface of the leg. : 

The large anterior part of the sciatic nerve sometimes-causes slight 
feather movement in a small patch of feathers on the outside of the 
knee joint; so far as I have seen this occuts when the crural region 
stretches a slight distance only over the outer surface of the thigh. 
The small posterior part of the sciatic (Fig. 1, 3. sc.) causes movement of 
feathers on the outer portion of the thigh, the patch overlapping that 
innervated by the crural; the extent of the patch varies, it includes 
the posterior portion, and may stretch forward nearly to the anterior 
border. In the latter case the patch of feathers innervated by the 
large branch lies entirely within the area of the small branch. The 


1 The nerve is of course taken peripherally of the sympathetic ganglia. 
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‘small’ sciatic also causes Movement: of feathers in the anterior 4 to 4 
of the abdominal feathered -_ the patch owe on that innervated 
. by the 2nd lumbar. | 

The pudic nerve (Fig. 1) innervates the posterior. part of the 
abdominal feathered area, the patch following on that innervated by. 
the posterior branch of the sciatic. From the pudic a branch passes 
‘forward to the skin over the ischium, and causes movement of feathers 
in that region. 

The feathers behisid the anus apparently sometimes receive fibres 
from the pudic, but ordinarily from the coccygeal nerves (Fig. 1, c,d). 

The sympathetic sends also vaso-constrictor fibres to the skin. This 
can be seen by turning back the skin in any feathered _— and stimu- 
lating the cutaneous nerve supplying it. 

In the pigeon the inner surface of the latero-ventral skin of the neck 
is covered with a vascular plexus which when full of blood completely 
covers the inner surface, forming to the eye a continuous dark red layer ; 
on stimulating the cervical sympathetic this layer first becomes patchy, — 
forming dark red islets, and then gradually becomes pale ; scanty vessels 
remaining visible. If successive ventral branches of the cutaneous 
nerves are stimulated successive patches of skin become pale; at.the 
edges of a patch there is a gradually though rapid change to normal. 
In this case there appears to be a distinct overlapping, but possibly this 
is only due to a mechanical interference with the blood-flow in the 
adjoining areas. 

c. Peripheral Distribution of the Post-ganglionic Fibres of each 
Ganglion. Commissural Fibres. The degeneration experiments men- 
tioned above (p. 225) afford a means of determining this point. Since, 

after degenerative section of the cervical sympathetic, stimulation of the 
nerve between the ganglia has no effect, it follows that few or no nerve 
fibres run from one ganglion to the nerve above or below the corresponding 
segment. The histological examination, however, tends to show that 
a few nerve fibres—about half-a-dozen—may run from one ganglion to 
the nerve above or below it. Since stimulating a ganglion causes strong 
movement of feathers and vaso-constriction in the skin area supplied by 
the corresponding nerve, it follows—taking the other facts into con- 
sideration—that the post-ganglionic fibres of each ganglion run to the 
nerve to which the ganglion is attached. In the mammal I have shown! 
_ that a ganglion of the lateral cliain always sends some nerve fibres to 


1 Op. this Journal, xv. p. 841. 1893. 
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the nerve immediately anterior to it, or posterior to it, or to both.” It 
appears, then, that in the bird the post-ganglionic fibres are 


-more confined to the corresponding nerve then they are in - 


the mammal. 

As in the mammal, there are no commissural fibres between the 
ganglia, 
~ d. Connection “ the Pre-ganglionic Fibres of the several Spinal 
Nerves with the several Ganglia. Since, as shown above, there is reason 
to believe that all or nearly all the fibres which are given off from 
a sympathetic ganglion run to the corresponding nerve, and the area 
innervated by this is roughly known, the ganglionic connection of each 


spinal nerve can be roughly told by observing the areas in which 


feathers are erected on stimulating the several spinal nerves. 

I have made 12 experiments on this point, 7 on the fowl, and 5 on 
the pigeon. The experimental difficulties are considerable, and as 
individual variations occur, I regard a good many of the results obtained 
as open to correction in detail. 

The results may be summarised as Lith: 

The last cervical nerve innervates the head and neck. The lower 
boundary varies, it may be a little above or below the origin of the last 


cervical nerve, and it may include the anterior part of the wing. The 


effect is greatest on the head and in the upper part of the neck, and it 
is slight only on the wing when it occurs there. 

The 1st thoracic nerve has a slight effect only on the head, it has 
a strong effect on the neck, greater in the lower than in the upper part; 
it has a strong effect on the wing, except sometimes on the posterior 


The 2nd thoracic nerve has sometimes a slight effect on the lower 
part of the neck ; it has a moderate or slight effect on the wing, usually 


on the posterior part — It has a strong effect on the upper part of 
the thorax. 


The 3rd thoracic nerve innervates an area beginning on the back 


a little below the region of the nerve, and ending about a centimetre 


below the origin of the sciatic nerve. It affects the end of the pectoral 
feathered area, the sternal feathered area in the regions of the 
$rd thoracic to 2nd lumbar cutaneous branches inclusive, and the 
anterior region of the thigh.. 

The 4th thoracic nerve. The area of this begins dorsally a segment 
behind the 3rd thoracic nerve, it affects a small strip at the end of the 
pectoral feathered area, and causes movement of feathers in the sternal 
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feathered area in the regions innervated by the 4th thoracic to 2nd 
lumbar inclusive. It causes movement of feathers in the crural, and’ 
sometimes also in the sciatic area. 

lst lumbar. This area begins a segment behind that of the 4th 
thoracic, and stretches down to the sciatic area including it. It does 
not affect the pectoral feathered area. 

2nd lumbar. This nerve apparently does not affect the 2nd lumbar 
area, nor usually that of the crural. Posteriorly it includes the pudic | 
area, but usually not the region about 1 to 2 centimetres in front of the 
tail (¢.e. the coccygeal region). It causes pallor of the internal sphincter 
of the anus and pallor of the mucous membrane of the cloaca. 

3rd lumbar (first nerve to crural). This affects the feathers in the 
pudic and coccygeal areas. Once it appeared to include also the sciatic, 
but the observation was not quite satisfactory. It causes contraction 
_of the internal sphincter of the anus, and pallor of the mucous membrane 
‘of the cloaca. The effect is less than that of the 2nd lumbar nerve. 

4th lumbar. In three experiments this nerve had an effect in the 
coccygeal area, once a slight effett also in the pudic area; in two experi- 
ments I could not determine ary effect. I have not oheerved with this 
nerve any effect on the ano-genital region. 

The approximate ganglionic connection of the sympathetic fibres 
of the several spinal nerves deduced from these results is given in the 
diagram, Fig. 8. The vertical lines with arrow heads show the spinal 


3 44.2 8 627? @ 0 19 19 

Fig. 3. In this diagram thick lines indicate a maximal effect; the dotted lines indicate 

that the effect is either slight or has only sometimes been observed; the dotted lines 

_ With ? indicate that an effect was apparently sometimes obtained, but that it was not 

(The number of cervical nerves given is that of the fowl.) 


nerves which give off sympathetic fibres ; the horizontal tina connected 
with the vertical ones show with wae ganglia the hie asin fibres 
are connected. 

There is obviously great similarity i in the course of the ore-qauaglienie 
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fibres in the bird and the mammal. But there are one or twu points of 
difference to notice. In the bird the head receives nearly all its fibres from 
a single nerve, and at most from two; in the mammal it receives.fibres — 
from five to eight spinal nerves. It is to be noted, however, that in the 
mammals the pupil receives most of its fibres from two spinal nerves. 

In the bird the sympathetic fibres which are given off by any one 
spinal nerve, and which innervate the skin, run either anteriorly or 
posteriorly ; the 2nd thoracic may send some fibres both anteriorly and 
posteriorly, but I have not observed this with any other nerve. In the 
mamuinal about six nerves send fibres both anteriorly and posteriorly’. 

In the mammal the origin of the pre-ganglionic sympathetic fibres 
to the ano-genital region stretches a little farther down the spinal cord 
than that of the vaso-motor and pilo-motor fibres of the skin®. In the 
bird, so far as I have observed, this is not the case’, the limit is either 
the same, or more posterior for the skin than the ano-genital region. 
This is no doubt correlated with the less development of the genital 
mechanism in the bird. | 

e. Amon refiewes. On stimulating the uncut cervical sympathetic 
there is a moderate movement of feathers in the area of the spinal nerve 
below (1.¢. on the thoracic side of) the point stimulated; and there is 
a slight movement in the area of the spinal nerve next but one below. 
In my experiments the movement has been more marked in the fowl 
than in the pigeon. When a degenerative section of the cervical 
sympathetic is made, the effect is obtained unaltered on stimulating the 
central cut end of the cervical sympathetic, so that the effect is not due 
to descending pre-ganglionic fibres; it is not obtained on stimulating 
the peripheral end of the sympathetic, that is, it is not due to post- 
ganglionic fibres. I conclude then that it is due to an axon reflex, 
some pre-ganglionic fibres sending branches to two ganglia, a few send- 
ing branches to three successive ganglia. If we take the axon reflex of 
the cervical sympathetic as typical of those in the rest of the sympathetic 
in the bird, it follows that these reflexes are much less extensive in the 


1 It is to be remembered, however, that in the bird the thoracic nerves send posteriorly 
fibres to the abdominal viscera. The splanchnic arises from a more anterior set of nerves 


in the bird than in the mammal. 


* Cp. Langley. This Journal, xvu. p. 311. 1894, Langley and Anderson. Ibid. 
xx. p. 85. 1895. 

anpply for the ano-genitel region the bird. the mamma! 
from the lower part of the lumbo-sacral region. This part isolated from the rest causes. 


and cloaca. 
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” bird than in the mammal?, In other words, in the bird the branching 
of the pre-ganglionic fibres to successive — is much less extensive 
than in the | 


SPECIAL POINTS REGARDING THE CERVICAL SYMPATHETIC. 


a. Effects of stimulating the cervical sympathetic other than those 
on the feathers and on the blood vessels of the skin. Budge’, and later 
-Vulpian’, mentioned briefly that the cervical sympathetic had no effect 
on the pupil, but the establishment of this fact was due to the careful 
observations of Zeglinski‘, and especially of Jegorow’. This result, 
I can confirm as regards the pigeon and the fowl. If care is not taken, 
escape of current readily occurs to the spinal nerves or even to the 
spinal cord, and such escape may cause either primary dilatation and 
primary brief constriction followed by dilatation of the pupil. It has 
been suggested that the absence of effect is due to fatigue of the nerve, 
but this is clearly not the case, since the cervical sympathetic can be 
stimulated at intervals for hours without any change in its normal action 
on the blood vessels and on the feathers. : 

Vulpian® described flushing of the mucous membrane of the mouth 
and of the conjunctiva as following section of the internal carotid 
branches of the superior cervical ganglion. Jegorow’ stimulated the ~ 
cervical sympathetic and obtaimed contraction of the vessels of the 
conjunctiva and eye and slight separation of the eyelids. | 

I find, as did Jegorow, that stimulation of the cervical sympathetic 
causes slight but distinct retraction of the eyelids, and pallor of the 
conjunctiva. It causes also, in harmony with the observations of 
Vulpian, slight pallor of the mucous membrane of the mouth. The 
pallor is bilateral, though greatest on the same side, It causes further 
distinct pallor of the homolateral nasal mucous membrane, Jegorow 
did not notice any effect upon the nictitating membrane in the pigeon. 
T find a slight retraction, provided the membrane is previously drawn 
out. 

According to Jegorow (op. oi. 1890) removal of the superior 
cervical ganglion in the turkey lowers the irritability of the cervical 


1 Cp. Langley. This Journal, xxv. p. 417. 1900. 

* Budge. Ueber die Bewegung der Iris, Braunschweig, p. 91. 1855, 
* Vulpian. Legons sur la Physiol. gén. 1865. 

* Zeglinski. Arch, f. Anat. u. Physiol, 1885, p. 1. 

Jegorow. p. 826. 1887. 

® Loe. cit. 7 Loe, cit. 
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sympathetic in the neck: I do not find this to be the case in the 
pigeon or the fowl. : 

b. Effects of section of the cervical sympathetic. On section of the 
cervical sympathetic the feathers innervated by the nerve are less 
. depressed than normal, 7.e. normally the central nervous system exercises 
by way of the sympathetic a tonic depressor action. The removal of 
this influence leads to a. constant state of more or less erection of the 
feathers. In the pigeon there appears to be a slight increase in this for 
' a day or two after the section. It remains maximal for about a fort- 
night, then slowly subsides, and disappears, with the more complete 
regeneration of the nerve, in about three months. 

_ The degree of erection of the feathers varies in different parts of the 
head. In the pigeon it is marked in a small area on the head just behind 
the upper beak, and in a smaller area just behind the lower beak ; it is 
distinct also on the back of the neck, and here crosses to some extent 
' the mid-line. On the ventral side of the head and neck it is slight, and - 
it is barely visible on the top of the head. In the fowl it is fairly 
marked on the head and the dorsal neck area, here spreading across the 
median line, 

_ The difference in the tone of the muscles on the two sides is best 
_ seen by ruffling the feathers; on the normal side they at once return to 
their previous depressed condition, on the side with the sympathetic 
cut they remain up or only slowly become depressed. On smoothing 
the feathers down on both sides they slowly rise up on the cut side. 

_ Section of the cervical sympathetic causes also a slight drooping of 
_ the upper eyelid and a less raising of the lower, which like the erection - 
of the feathers only slowly disappears with regeneration of the nerve. 
It causes also slight flushing of the homolateral nasal mucous membrane 
and of the conjunctiva; these disappear more quickly. I have not 
noticed any flushing of the mucous membrane of the mouth, although, 
as I have said, stimulation of the sympathetic causes some pallor in. it. 

¢ Afferent fibres of the cervical sympathetic. I have not obtained 
- any spinal reflex effect on stimulating the central end of the cervical 
sympathetic, care being taken to avoid escape of current. As the birds 
were anesthetized a few afferent fibres might perhaps produce no 
effect, but the absence of result tends to show that as in the mammal 
the efferent fibres. of the cervical sympathetic are not accompanied by 
afferent fibres. The degeneration experiments also afford evidence that 
afferent fibres do not pass to the cervical sympathetic from the cervical 
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The degenerative experiments show further that the cervical sympa-— 
thetic ganglia do not send fibres, accompanying the pre-ganglionic fibres, 
to end either in the spinal ganglia or in the spinal cord. The result is 
clearer than in the mammal since in the bird the post-ganglionic fibres 
are medullated, and this could be easily followed by ~ — 
tion method. | 7 


THE MOVEMENTS OF THE FEATHERS. 


The subcutaneous striated muscles have comparatively little effect 
in depressing or raising the feathers, though they may cause some . 
movement up or down. Their function is probably to give « twitch to 
the skin and so dislodge, eg., flies which have alighted on the feathers. 
We have seen above that in the region of the cervical sympathetic 
there is a variable amount of depressor tone, the same is the case in the 
other parts of the body, as may be shown by cutting the cutaneous 
nerves. 
‘In nearly all regions the unstriated muscles attached to the feathers 
on stimulation of the sympathetic fibres draw the feathers together. 
This is easily seen in the ventral cervical area by stimulating a ventral 
cutaneous nerve, the whole clump of feathers affected are drawn 
together; the movement can be seen, with a hand lens, to take place 
along rows of feathers to be described presently. When the inner 
surface is looked at, the ends of the feathers project when the feathers 
are slightly erected; on stimulating the nerve and causing depression, 
the ends sink under the muscle, a ring of muscle near the end appearing 


to contract and slip over it. 


The ordinary effect of stimulating any part of the sympathetic 
system or of stimulating a cutaneous nerve is depression of the feathers. 
This is best seen if the feathers are previously ruffled. The effect follows 
promptly on the stimulation, and the movement is quick. In the fowl 
a single induction shock, either make or break, applied to the cervical 
sympathetic causes a quick depressive movement of the cervical 
feathers; and after the feathers have been ruffled, stimulation of the 
cervical sympathetic with slowly repeated induction shocks causes the 
feathers to move towards the body in a series of jerks till they lie flat 
on the skin, 

The direction of movement varies in different parts of the body, 
according to the position of the feathers in relation to the body surface. 
Thus some feathers move more forward and back than up and down, 
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and a certain amount of rotation of the feather commonly occurs. 
The nerve fibres which cause depression we may speak of as penna- 
depressor fibres. 

At times a strong erection of feathers occurs instead of depression. 
So tar as my experience goes this is much more frequent from stimuli _ 


which affect the spinal cord. Such stimuli usually cause. an irregular 


rhythm in the movements of the feathers, aud they pass at irregular 
intervals from a condition of strong depression to one of strong erection. 
Frequently the feathers in one part are erected and in another de- 
pressed. 

In all cases it is best to stop movements of striated muscles by 
giving curari. 

Section of the cord in the fowl nearly always causes rhythmical 
erection and depression. So does injection of strychnine, and after 
strychnine, touching the feathers and especially ruffling them, will set 
up an irregular rhythmic movement. Stimulation: of the cord usually 
causes depression, but on repetition erection is commonly obtained, at 
any rate in patches. Asphyxia usually causes depression, but it may 
cause strong erection. The feathers of the neck and those just above 
the tail are those which seem to me most usually erected. 

The erection of the feathers when it is marked is much too strong 
to be due to inhibition of muscular tone, for when the erect: feathers 
are stroked down, they pass back rapidly to their old position when 


the pressure is removed ; just as the feathers when strongly depressed 


fly back if they are momentarily raised. The condition present when 
there is no marked tone is seen 5 to 10 minutes after death, the feathers 


then offer no resistance to movement, if they are smoothed down they 


remain so. 

Moreover the erection of the feathers is at times obtained by stimu- 
lating a spinal nerve—in the limits of sympathetic origin, or the 
sympathetic, or though more rarely by stimulating a cutaneous nerve. 
In the pigeon after administration of nicotine, it is not uncommon to 
obtain erection of feathers in a small area at the angle of the jaw on 
stimulating the cervical sympathetic. 

Further, as I shall describe later, some of the muscles siiaciaad to 
the feathers are definitely erector muscles and some are definitely 
depressor. The depressors are nearly always the stronger, and this 
probably explains the predominance of depression of the feathers on 
nerve stimulation. The nerve fibres causing erection of proton we may 
speak of as penna-erector fibres. 
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ACTION OF DRUGS. ASPHYXIA. 


Curari. About 2 cc. of ‘5 p.c. curari injected into the jugular is 
required to paralyse the motor nerve-endings in a medium-sized fowl. 
The action takes place slowly: the reflex movement of the nictitating 
membrane disappears later than the body reflexes. The injection causes | 
no movement of feathers and has no effect on the penna-motor nerves. 

Nicotine. A small quantity of nicotine (a milligram or , less) 
- Injected into a vein Causes, as is known, contraction of skeletal 
muscles, contraction of the pupil, opening of the eye, rise of blood-— 
pressure; and in larger doses paralysis of the motor nerve-endings of 
skeletal nerves. The contraction of the skeletal muscles is of a tonic 
character instead of as in the mammal clonic; it appears to be chiefly 
produced by stimulation of the motor nerve-endings. : | 

It causes also strong depression of the feathers of the body; but a 
second dose, at not too long an interval (unless the first dose was very 
small), has little or no further effect upon the feathers. The stimulating 
action is in part, if not entirely, upon the sympathetic ganglia, for after 
the cervical sympathetic has been cut low in the neck, nicotine causes 
depression of feathers much as on the sound side. Although after, say | 
10 mgrms. of nicotine, a dose of 50 mgrms. does not stimulate the nerve 
cells the sympathetic ganglia are not paralysed. Even after 100 mgrms. 
I have not found the cervical sympathetic without effect, though its 
effect was apparently less. 

In several cases I have noticed that after nicotine has been injected 
stimulation of the cervical sympathetic in the pigeon causes erection of 
feathers, instead of depression, in a small area below and behind the 
lower jaw. 

Strychnane. This I have used in the form of sulphate, injecting it 
into a vein after morphia and curari, in doses of 1 to 5 mgrms. A small 
dose causes an irregular rhythmic movement of the feathers for one or 
two minutes; they pass from a condition of being closely flattened to the 
body, to one of standing up well away from it. The feathers may move 
up in one part of the body whilst they move down in another. After 
the movements have ceased, they may, if the cord is irritable, be set up 
again by smoothing or ruffling the feathers. In the cervical region, the 
roots of the feathers can be seen to be drawn together. 

After a short interval, another injection of strychnine will set up 
the rhythm again, and this may be repeated several times. In one case, 
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after injecting strychnine, stimulation of the cervical sympathetic caused 


_ repeatedly erection of feathers of the neck on the same side. 


If both cervical sympathetic nerves are cut, strychnine has no effect 
on the feathers of the neck and head; 1. its action is on the central 
nervous system. 

Supra-renal extract, in doses which produce: marked effects.in a 


- mammal, has little or no effect on the feathers. In one case (in a fow)) 


there was some depression of them. The dose given was the saline 
boiled extract of 1 tabloid of Burroughs and Wellcome, and 2 cc. of 
the adrenaline chloride 1 p.c. solution of Parke, Davis and Co. The 
substance causes rise of blood-pressure, and temporary cessation of 


the respiration as in mammals. 


Atropin in large doses (90 mgrms.) does not pare the penna- 


motor nerve fibres. 


Apocodeine hydrochlorate. I have not observed any effect on the 


feathers on injecting 2c.c. 1 p.c. apocodeine intravenously in the fowl, 


and this dose has no effect on the irritability of the penna-motor 
fibres. 

Asphywia. As in the mammal’, asphyxia does not stimulate the 
sympathetic ganglia nor their post-ganglionic fibres, but has a strong 
stimulating effect on the sympathetic by way of the spinal cord. On 
destruction of the cord from the last cervical to the fourth lumbar 
segments, asphyxia has no effect on the feathers nor on the blood 
vessels of the neck. 

If two or three segments of the cord in the region just mentioned 
are left and the rest destroyed asphyxia causes movement of feathers in 
the region innervated by the rami communicantes of the intact portion 
of cord, provided the blood supply to it is not interfered with too much 
by the operation. Probably then, as in the mammal, the pre-ganglionic 
fibres of each nerve arise from the corresponding segment of the spinal 
cord. 

Excess of eieiathaide greatly reduces the penna-motor effect of 
asphyxia, and if it is long continued so as to enfeeble the cireulation 
for a considerable period it has no effect. 

As I have said above, the usually primary effect of asphyxia i is a 
strong depression of the feathers, this may continue for two or three 


- minutes, when the tonic contraction gradually ceases. 


The erection of feathers by asphyxia I have usually observed after 


‘} Langley. This Journal, xxvu. p. 235. 1901, 
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the spinal ‘cord has been cut; in one or two cases there has been strong 
primary erection of feathers, lasting half-a-minute to a minute; in 
other cases the feathers were moved up and down once or twice before 
final depression, and usually the different parts of the body were 
differently affected, the feathers moving up in one part and down in 
another. Usually too asphyxia caused some erection of — after 
had been given. 


Tar MUSCLES OF THE FEATHERS. 


The erection and depression of the feathers are produced by 
unstriated muscle. The presence of unstriated muscle was early 
noticed by v. Kélliker. Nitsch' in 1840 was apparently the first — 
to observe that there were usually four muscles attached to the 
contour feathers, sometimes six and more rarely five. Seuffert? in 
1862 described the unstriated muscle of the feathers. He found that 
the contour feathers of the trunk had usually two to four separate 
muscles which ran from the lower part of one feather to the upper part 
of the neighbouring feather, and he said were fixed by elastic tendons®. 
He also described unstriated muscle as being attached to the flight- 
feathers, and in some birds to the down feathers and tail feathers. — 

The actual arrangement of the muscles is much more complex than | 
would be gathered from these accounts. ' 

The muscles vary considerably in the different feathered areas, in 
part the variation is in correspondence with the size of the feathers to 
be moved, and in part, I think, with the direction of the movement. 
I have not been able to devise any nomenclature which is applicable 
to the muscles of all the regions and which would show their 
homology. 

When the muscles are viewed from the surface they are seen 
between any four adjacent roots forming, as described by previous 
observers, a four-sided figure. The figure is usually a rhomboid, 
sometimes a parallelogram, rhomb, or square; diagonally across it 
another muscle usually runs. These muscles are readily seen, in 


'Nitsch. System der Ptereolographie. Halle, 1840. (Quoted from Helm, Journ. 
d. Ornithol. xxx11. p. 321, 1884, who confirms Nitsch’s observations.) For this reference 
‘LT have to thank Dr Gado w. 

* Seuffert. Wiirzburger Naturw. Zeitsch. 1. p. 147. 1862. (Reference to this paper 
I owe to the kindness of Geheimrath A. v. Kélliker.) 


* This seems to be the case, for in section, the tendons stain deeply with orcein. 
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regions in which there is no fat, by holding up the skin to the light 
and looking at the inner surface; if much fat is present the epidermis 
and the sub-epidermic layer of connective tissue must be cut away: the 
muscles are then seen from the outer surface. 

These four-sided figures do not however afford a satisfactory basis 
for description, since commonly each feather. forms part of three 
differently. shaped four-sided figures (cp. Fig. 4). 2 

I shall speak of the muscles according to the usual direction in 
which they run from the mid-dorsal line, «.e. of antero-lateral, postero- 
lateral, and longitudinal muscles. The nomenclature is not strictly 
applicable to all cases, for here and there in the coceygeal region and 
elsewhere the muscles which correspond to antero-lateral and postero- 
lateral -both become transverse. The muscles in all the figures are 


drawn from the right side of the body and as seen from the outer surface. 


| Fig, 4. a. Diagram of arrangement of the muscles of the feathers as seen from the 


surface. It will be noticed that the feather a forms part of 8 four-sided figures—given 
in thicker lines—in which the diagonal is respectively antero-lateral, spe wears 
and postero-lateral. bandc. See text. 


The muscles themselves pass almost, caees between the roots of 


the feathers, being attached to them by tendons at each end. 


Muscles which pass from the neck of one feather to the end (bulb) 
of a feather anterior to it, I shall speak of as erector muscles. 

Muscles which pass from the neck of one feather to the end of a 
feather posterior to it, I shal] speak of as depressor muscles. 

The muscles which pass from neck to neck of the roots draw the 
feathers together, with little or no depression or erection of the shafts ; 
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these I shall call retractor muscles. In nearly all cases they form the 
upper part of a depressor muscle. 

The roots of the feathers, of course, run forwards, Except i in the 
mid-line they hardly ever run straight forward in the‘anterior-posterior 
direction (Fig. 4, b) but are inclined at various angles to this direction. 
In consequence, it is comparatively rare for a muscle to be present which 
pulls the shaft of the feather straight backwards and forwards; and some 
of the depressor and erector muscles, ¢.g. such as are arranged as in c, 
Fig. 4, pull the feather sideways, backwards and forwards, rather than 
down and up; it is to be noted however that where the surface of the 
skin is much curved, as on the neck, the sideways movement takes the 
shaft away from or toward the skin surface. 

Any one of the muscles in addition to its main action as retractor, 
depressor or erector will cause rotation of the feather about its axis, if, 
as 18 not uncommonly the case, the origin and inserti6n of the muscle are 
not on exactly facing sides of the root. 

At the edges of the feathered areas muscle strands may spread from 
the feathers to end in the adjacent connective tissue. In some regions 


- some muscle fibres run from the neck of the root, over the outer (skin) 


surface of it, and end in the connective tissue anteriorly. 

I would expressly say with regard to the following account of the 
arrangement of the muscles in the different feathered areas, that I have 
no doubt that extended observation would show many variations in the 
several feathered areas which have not come under my notice. All my 
observations have been made on the fowl. The muscles are best dissected 
from the outer surface under a dissecting microscope, either in a fowl 
freshly killed or in one that has been kept in 30 to 50 p.c. alcohol for a 
few days. The dissection is much easier in places in which there is but 
little fat, as on the lower part of the wing. I have cut serial sections 
of the feathers in the direction of the rows and parallel to the skin 
surface. The muscles and their tendons are easily seen, but the recon- 
struction of the course they take is a tedious matter. 

The dorsal cervical area. In the mid-dorsal line the feathers 
run straight backward, in passing from this laterally they become more 
and more oblique in order to cover up the unfeathered area on the side 
of the neck (Fig. 5, a). 

On cutting the feathers short an antero-lateral row of stumps is 
that which most strikes the eye, largely because the feathers are closer 
together in this than in any other direction. 

In the lower part of the neck the feathers and the muscles attached 
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to them are longer than in the upper part. When the wuscles are 
well-developed the following is the arrangement. ) 


Lt. Rt. 


Fig. 5. a. Diagram of, direction of rows of feathers and of feathers themselves in the 
dorsal cervical area. The antero-lateral row may run in a more anterior direction 
than represented: here. 

b. Muscles of feathers as seen from the dorsal surface, the skin above them having | 
been removed. 


| c. Diagram of all the muscles attached to a single feather. The roots of the — 
feathers are flattened parallel to the skin surface. 
a, l.—antero-lateral row and muscles. 
p. l.—postero-lateral row and muscles. 
l.—longitudinal row and muscles, 


Superficially (Fig. 5, 6), muscles are seen running between the 
feathers in the three directions mentioned earlier, the antero-lateral are 
the largest, and the longitudinal usually the smallest. 

_ The antero-lateral muscles (Fig. 6, a.1.) consist of a depressor-retractor 
and of an erector. 

The depressor-retractor muscle (Fig. 6, a) is usually attached to the 

outer rds to #ths of the root both at origin and insertion, and the part 
attached to the neck is usually thicker than the rest, forming a special 
retractor portion. Sometimes the attachment to the anterior feather 
(origin) is less extensive (a’), and it may be confined to the neck of the 
feather. The origin is slightly on the posterior side of the feather, so 
that it causes slight rotation of the feather on its axis. 

The erector muscle passes anteriorly of the depressor, from the neck 
of one root to the tip of bulb of the root in front of it in the row (Fig. 
6, b). Sometimes it passes from the neck nearly half-way down the root 
before leaving it. It consists of a fairly thick band, but is much less | 
powerful than the depressor. _ | 
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The postero-lateral muscles vary in passing from the mid-dorsal to 
the lateral regions. In the mid-line, two muscles are usually present, 
--@ depressor-retractor fairly developed (Fig. 6, p.1,), and an erector con- 
sisting of a small cord or flat band; in passing laterally the erector 
disappears, the depressor part diminishes, and a small retractor running 
from neck to neck is only left (Fig. 6, p.l,).. The attachment is on the 
opposed surfaces of the roots, but: the attachment to the anterior feather 
is rather to the lateral side of the root, that to the posterior feather 
on the median side of the root-(cp. Fig.), so that slight rotation of the 
feathers is caused. 


Fig. 6. Dorsal cervical feathered area. Diagrams of the several muscles. a. l. antero- 
lateral; p. l. postero-lateral ; 1. longitudinal; s. attachment as seen from the dorsal 
surface. The roots of the feathers are flattened parallel to the surface, and in p. l. 
and 1. in addition turned towards the median dorsal line. Two varieties of the 
antero-lateral and two of the postero-lateral muscles are shown. 


The longitudinal muscles in the mid-line resemble the postero- 
lateral (Fig. 6), consisting of a flat depressor-retractor and of a cord- 
like erector, the erector is attached to the deep end of the bulb. In 
the lateral parts of the area the depressor becomes thinner, but both 
muscles remain. 

The connections of the several muscles at the neck of the root are 
also shown in Fig. 6. , 

The whole of the muscles attached to a single feather in the lateral 
region are diagrammatically given in Fig. 5, ¢. 

In other cases I have found some variations from the above (Fig. 7). 

(i) The longitudinal muscles are absent; the antero-lateral muscle 
is thick and runs to the whole of the root of the feather, being much 
thicker at the neck, and the whole attachment being more on the 
posterior side. There are two antero-lateral erector muscles, one on 
either side of the depressor. There is only one postero-lateral muscle, 
which runs from the neck half of the root of the anterior feather to the 
whole of the root of the posterior feather on the medio-posterior side, 
its tendon being close to that of the antero-lateral depressor. | 
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~The grrangement’ as’ in but a posterolateral erector is 
present. 


Fig. 7. Variation in arrangement in the dorsal cervical area. a. The postero-lateral 
muscle is pulled backwards at its posterior attachment, in its normal position it covers 
up part of the attachment of the antero-lateral erector muscle. 6. Root of feather 
turned round to show attachment of a. 1. erector muscles. 


Dorsal trunk. region. In the dorsal thoracic region and back- 
wards as far as about the.end of the sacral region the most obvious row 
of feathers runs curved in a postero-lateral direction (Fig. 8, a), and the 
muscles in this direction are the main ones. — 


7 
+>p.l. 
(a) 


Fig. 8 Dorsal trunk feathered area. ol 
dorsal surface. b. Diagram of one arrangement of muscles ; 
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3 The antero-lateral muscle (Fig. 9, b) is usually single, and is a retractor 
_ muscle; it passes between the necks of the roots (a) or between se 
middle thirds of the roots (8). A small erector muscle (y) may be 


io): (a) 
(a) 
‘Fig. 9. Muscles of feathers of dorsal trank area. a. 


a. l, Two varieties of antero-lateral muscles. p. 1. Two varieties of a 
musoles. 1. ‘Two varieties of longitudinal muscles. 


The cheated muscles consist of one depressor and usually of 
two erectors (cp. Fig. 9,c. p. l,), that on the anterior side of the depressor 
being larger than that on the posterior side. — 

The longitudinal muscles are well developed (Fig. 9, d) but are not 
quite so large as the postero-lateral. They usually consist of two 
cord-like erectors passing between two cord-like depressors (1,). Some- 
times the two erectors form one muscle. 

In this area wide variations occur in the antero-lateral vind the 
longitudinal muscles. Sometimes the longitudinal muscles are absent, 
and the antero-lateral muscles consist of either (a) a depressor and two 
‘erectors, or (6) more rarely of one erector and two depressors. In the 
sacral region, the antero-lateral muscle is usually a depressor, and one 


Fig. 10. "Variations in arrangement of muscles in dorsal trunk feathered area. 
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only of the postero-lateral erectors passes between the — the 
other running laterally of them. 

In the upper part of this area in one case (the lower part was not 
dissected) antero-lateral muscles were the chief muscles and the arrange- 
ment was much as sometimes occurs in the dorsal cervical region 
(Fig. 7). The muscles are shown in Fig. 10. 

. Dorsal cocoygeal region. The rows of feathers in passing from the 
lumbo-sacral region to the coccygeal become transverse. The muscles 
‘are much the same as in the trunk, but the names antero-lateral, 
postero-lateral are no longer applicable. | 
| Wing. On the wing there are two obvious lines of feathers, a and 
8 of Fig. 11, a. The former (a) apparently corresponds with the antero- 
lateral rows of the dorsal feathered area, and 8 to the postero-lateral 
row. In the postero-lateral row the posterior feathers lie for the most 
part almost directly under the anterior ones, 

The root diverges but little from the plane of the skin, and the bulb 
is firmly fixed to the deep connective tissue so that the feathers cannot 
be made to stand vertically to the skin, but move sideways, backwards 
and forwards, with only a slight vertical movement; nevertheless from 
analogy we may speak of the muscles as depressor and erector. 

The antero-lateral muscles (Fig. 11, 6) are narrow bands and consist 
of an erector and of a single or paired depressor. The erector in this 
case is rather larger than the depressor. These muscles move the shaft 
of the feather backwards and forwards in of 
skin, and with rotation. 


(b) 


Fig. 11. Feathered area of wing. «a. Diagram of arrangement of rows of feathers. 
a, apparently corresponds to the antero-lateral of the back, and §. to the postero- 
lateral. b. Antero-lateral and postero-lateral muscles. c. Diagram of muscles 
attached to one feather ; in the given 
earlier, and not in the positions given in Fig, 11, a and b. 
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_ The postero-lateral muscles (Fig. 11, 6) consist as a rule of two 
depressors, thicker than the antero-lateral muscles. They are attached 
on either side, but somewhat posteriorly, to the anterior feather, and 
pass to the posterior side of the bulb of the posterior feather, forming 
almost a sling round it. In depressing the feather, they pull them 
more into line. An erector muscle is sometimes present, especially 
_ perhaps near the flight-feathers. : 

Longitudinal muscles as a rule are not present. : 

Thigh. All the muscles are thin bands or cords and pass from 
neck to bulb (cp. Fig. 12). 

In the antero-lateral row a depressor is present, and sometimes, but 
not always, an erector. 

In the postero-lateral row, there is a depressor and an erector; the 
latter may be pierced by the former. 


A longitudinal thin depressor is often but not always present. 


Fig. 12. Feathered area of the thigh. a. Diagram of position of antero-lateral and 
postero-lateral rows of feathers. 6 and c. Diagrams of arrangement of muscles 
attached to one feather. In b no longitudinal musele is present. 


‘Ventral cervical pectoral regions. The most conspicuous row of 
feathers in the ventral cervical and upper pectoral regions runs antero- 
laterally from the mid-ventral line, ¢.¢. it runs backward from the dorsal 
to the ventral surface and is the continuation of the postero-lateral row 
of the dorsal side broken by the unfeathered area. The row running 
postero-laterally from the mid-ventral line is almost equally conspicuous. 
The muscles in this region vary considerably, and they vary still more 
in the lower pectoral regions, for the feathers here spread out fan-wise 
and the muscles differ in arrangement and thickness on the two sides of 
the narrow feathered strip. The various forms of the muscles running in 
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any one diréction fall for the most part under one or other of the kinds 
already described. But there are one or two special variations which I 
give in Fig. 13. In a, the muscles consist of a retractor, a depressor, 
and an erector. In b, two strong es, and two seats erectors are 


present. 


Fig. 13. Two varieties in feather muscles occurring in the pectoral area. Both are from 
the row running antero-laterally from the mid-ventral line, b and b’ show the same 
muscles, b from the surface, and b’ fromthe side. 


SUMMARY OF GENERAL RESULTS. 


1. The observations given above show that the sympathetic system 
of the bird resembles in its general features the — en of 
the mammal. Thus in the bird :— 

The spinal sympathetic fibres arise from a localized region of the 
spinal cord, viz. from a region lying between and slightly overlapping the 
regions of origin of the nerves to the limbs. : 

The efferent spinal sympathetic fibres in the cervical region, and 
probably in all others, end in connection with the cells of the sympa-— 
thetic ganglia. 

The post-ganglionic fibres which run to the skin run to it by way of 
the cutaneous branches of the spinal nerves. 

The areas supplied by the sympathetic fibres in successive cutaneous 
branches overlap very little. 

In the cervical region, and probably in all others, none of the nerve 
fibres given off by a ganglion, end in connection with the nerve cells of 
another ganglion, 7.¢. there are no-commissural nerve cells. 

_ There is some evidence that the ganglia do not contain any nerve 
cells giving off afferent fibres of the type of spinal ganglion cells. 

The pre-ganglionic fibres of: successive spinal nerves supply successive 
but largely overlapping regions of the body. 

2. The sympathetic system of the bird differs from that of the 
mammal in some points of detail. Thus :— 

The spinal origin of the pre-ganglionic fibres overlaps the origin of the 
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nerves to the fore-limbs rather more than in the mammal. The pre- 
ganglionic fibres supplying the ano-genital region do not; as in the mam- 
mal, arise from a portion of the cord which extends posteriorly of that 
giving origin to the fibres supplying the skin of the body. | 

As in the mammal, a spinal nerve may send pre-ganglionic fibres toa 
_ considerable number of ganglia, but the individual nerve fibres, as a rule, 
run to fewer ganglia than in the mammal. In the bird, most of the fibres 
are connected with the nerve cells of one ganglion only ; some divide and 
are connected with two ganglia, aud a few with three ganglia. So on the 
whole the axon reflexes are more limited in the bird than in the mammal. 

The post-ganglionic fibres of any one vertebral ganglion run more 
exclusively to the corresponding spinal nerve than they do in the 
mammal. 

The post-ganglionic fibres of the vertebral ganglia are medullated. 

3. With regard to results applying especially to the bird, it may be 
noted that,” 

The feathers are supplied with a complicated system of unstriped 
muscles, varying in different regions, some of which cause depression 
and others erection of the feathers, and either movement may be 
accompanied by more or less rotation. Both erector and depressor 
muscles are supplied with sympathetic nerve fibres and can be caused to 
contract separately. The depressor muscles are larger than the erector 
muscles, and on nerve stimulation, depression of the feathers usually 
occurs, 

Some details are given (p. 230) of the areas of the skin innervated by 
the post-ganglionic sympathetic fibres of the several spinal nerves; it 
may be noted that the sciatic nerve supplies the anterior part of the 
abdominal area, and the pudic nerve the posterior part. 

Details are given (p. 282) of the areas innervated by the pre- -ganglionic 
fibres of the several spinal nerves. These I think may require consider- 
able modification as more experiments are made; it may be noted that 
the head receives sympathetic fibres from “ two spinal nerves and 
sometimes only from one. 

Stimulation of the cervical sympathetic causes, as has been observed 
by others, slight retraction of the eyelids, pallor of the mucous 
membrane of the mouth, and contraction of the cutaneous blood vessels 
of the neck; it causes also pallor of the nasal mucous membrane, 
slight retraction of the nasal mucous membrane, depression of feathers 
(as observed by Jegorow), or occasionally erection of feathers. 

Section of the sympathetic fibres—pre-ganglionic or post-ganglionic 
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—causes erection of feathers and dilation of cutaneous blood vessels, both | 
varying in extent in different parts of the body. 

Curari has no effect on the penna-motor nerve fibres. 

Strychnine (after curari) causes irregular rhythmic depression and 
erection of the feathers by stimulating the spinal cord, 

Asphyxia also stimulates the spinal cord, it usually causes prolonged | 
depression of the feathers, but it sometimes has a — effect like 
that of strychnine, 

Nicotine stimulates the sympathetic ganglia as in the mammal, but. 
it does not paralyse the pre-ganglionic fibres. 

Atropin, apocodeine, and adrenaline have little or no effect upon the 
muscles of the feathers or upon the penna-motor nerves. 
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THE HYDROLYSIS OF OPTICALLY INACTIVE ESTERS. 

- BY MEANS OF ENZYMES. Part I. The Action of 

Lipase upon Esters of Mandelic Acid. The Resolution of 

_ Inactive Mandelic Acid. By H. D. DAKIN, 1851 Ezhibition 
Research Scholar. (Four Figures in Text.) | 


(From the Department of Pathological Chemistry, Lister Institute 
of Preventive Medicine, London.) 


THE study of the action of enzymes upon optically inactive substances 
capable of resolution into active components, was commenced with the 
hope of obtaining some evidence as to the mechanism of enzyme action. 
The present paper is an account of the hydrolysis of several of the 
esters of mandelic acid by means of the “ fat-splitting ” enzyme lipase. 
These esters were selected for the present work because of their high 
rotation, so that if any selective action of the enzyme occurred it could 
be readily detected. It was found that if inactive methyl- ethyl- 
iso-amyl- or benzyl- mandelate were partially hydrolysed by means of 
the enzyme, the mandelic acid liberated was strongly dextro-rotatory, 
whilst the residual ester was correspondingly lwvo-rotatory. On the 
other hand, if the hydrolysis were complete, the mandelic acid was 
optically inactive. It follows therefore that the dextro components of 
the inactive esters were hydrolysed more rapidly than the levo. If the 
esters are hydrolysed with symmetrical reagents—water, acid, or 
alkali—no such difference in the rates of hydrolysis can be observed and 
the mandelic acid separated at any stage of the hydrolysis would be 
inactive. It is therefore impossible to imagine that the hydrolysis of 
the mandelic esters by means of lipase is a simple decomposition into 

- mandelic acid and an alcohol. In order to account for the production 
of optically active mandelic acid, it is necessary for an asymmetric 
substance to have been concerned in the reaction, and since active 
mandelic acid is only produced when the enzyme is present, it would 
appear to be almost certain that lipase is the asymmetric substance in 
question. If the enzyme be destroyed by heating, by chemical reagents, 
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or by long keeping at low temperatures, the small amount of mandelic 
acid which is always liberated is quite inactive. 

The reaction may possibly take the following course. The dextro 
and levo components of the inactive ester first combine with the 
enzyme, but the latter is assumed to be an optically active asymmetric 
substance, so that the rates of combination of the enzyme with d. and 1. 
esters are different. The second stage in the reaction consists in the 
hydrolysis of the complex molecules of (enzyme + ester). Since the 
complex molecule (enzyme + d. ester) would noi. be the optical opposite 
of (enzyme +1. ester), the rate of change in the two cases would again 
be different. Judging by analogy with other reactions one might 
anticipate that the complex molecule which is formed with the greater 
velocity would be more rapidly decomposed. In the present case it 
would appear that the dextro component of the inactive mandelic ester 
combines more readily than the levo component with the enzyme, and 


that the complex molecules (d. ester + enzyme) are hydrolysed more 


rapidly than (1. ester + enzyme), so that if the hydrolysis be incomplete 
dextro acid is found in solution and the residual ester is levo-rotatory. 

The probability of the above explanation is increased by the fact 
that somewhat similar reactions are known to take place, in which other 
optically active substances play the part previously assigned to the 
enzyme. Thus Marckwald and McKenzie’ have shown that when 
inactive mandelic acid is treated with 1, menthol, the dextro component 
of the mandelic acid is esterified more rapidly than the levo, and that — 
the rate of hydrolysis of 1. menthyl d. mandelate is greater than that of 
1. menthyl 1. mandelate. The author has also shown that amydalinic 
acid, which on complete hydrolysis gives inactive mandelic -acid, when 
partially hydrolysed gives a dextro-rotatory mandelic acid. Amydalinic 
acid may be considered to be the maltoside of inactive mandelic acid,and 
here the presence of the optically active maltose group results in the 
rates of hydrolysis of the maltosides of dextro and levo mandelic acid 
being different, just as it is assumed that the combination of the 


_ optically active enzyme with the ester results in a difference in the rate 


of hydrolysis of the dextro and levo esters. 

The assumption of the formation of an additive compound. iinee 
the enzyme and the substance acted upon is by no means new. It has 
long been known that fibrin has the power of withdrawing both trypsin 
and pepsin from solution. O’Sullivan and Tompson® have 2 an 


1 Chem. Ber. xxxtv. p. 469. 1901. 
2 Trans. Chem. Soc. wv. p. 52, 1890, 
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that invertine survives a higher temperature in the presence of cane 
sugar than in its absence. The work of Adrian Brown’, Brown and 
Glendinning* and of Victor Henri® upon the velocity of enzyme 
reactions has shown that the several changes do not ordinarily proceed 
in accordance with the law regulating the course of a unimolecular 
reaction, and this may be explained by an assumption of a combination 
between the enzyme and the substance acted upon. In this connection 
it may be mentioned that Kastle and Loevenhart‘ show that the 
action of lipase does not proceed as a unimolecular reaction should, but 
this is of little real significance since not only does precipitation occur 
during the reaction, with consequent removal of a large part of the — 
lipase from solution, but the enzyme itself is being rapidly destroyed 
both by incubation and by the accumulation of free acid. 

The connection existing between the configuration of ‘the substance 
undergoing change and the enzyme, so clearly demonstrated by Fischer 
(in the case of the alkyl glucosides), is also in complete agreement with 
the idea of the formation of additive compounds. 

Kastle and Loevenhart made the curious observation that lipase 
hydrolyses ethyl butyrate more readily than the acetate, notwithstand- 
ing the fact of the sparing solubility of the butyrate and that acids 
hydrolyse it much more slowly than the acetate. They were unable to 
offer any explanation of this remarkable difference between the action 
of acids and enzymes. If however the formation of additive compounds 
between the enzyme and esters be assumed the reactions are capable of 
ready explanation. 

The fractional hydrolysis of esters by means of enzymes has 
additional interest since it affords a new method for the resolution of 
optically inactive acids into active components, although no new 
principle is involved, if the suggested explanation of the reaction be 
correct. To illustrate the applicability of the process, the mandelic acid 
liberated by the fractional hydrolysis of ethyl mandelate was purified by | 
appropriate methods and pure dextro-mandelic acid obtained. 

The curves given below representing the course of the reactions are 
not identical in the case of the different esters, but the results are not 
of sufficient quantitative value for detailed discussion. One reason for 
this is that the esters are only very slightly soluble in water, so that 


1 Trans. Chem, Soc, uxxxt. p. 378, 1902. 2 Ibid, p. 388. 1902. 

Compt. Rendus, cxxxm. p. 891, 1901; Zeit. physikal. Chem, xxxrx. PP 194-216; 
Compt. Rendus, cxxxv. p. 916. 1902. 

4 Amer. Chem. Jour. xxiv. 1900. 
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whilst the dextro ester is being hydrolysed more rapidly than the levo, 
it is improbable that the solution is constantly saturated with the 
former, although excess of it may be present. This constant disturb- 
ance of the solubility equilibrium must obviously tend to make the 
apparent difference in the rate of hydrolysis of the d. and |. esters less 
than is really the case. Differences in the solubility of the individual 
esters must also affect the course of the reaction. Fairly constant 
results may however be obtained by working under strictly similar 
conditions of experiment. The differences in the curves in the case of 
some of the esters are sufficiently marked to make it probable that the 
alkyl group has an influence upon the rate of hydrolysis of the d. and |. — 
esters. In order to decide more conclusively as to the influence of the 
alkyl group, the hydrolysis of esters prepared from an active alcohol 
and inactive mandelic acid was tried. Since the configuration of the 
alkyl groups in the esters previously hydrolysed was symmetric, it was 
thought that if the enzyme combined with the ester as a whole, the 
pressure of the asymmetric alkyl group would result in a more marked 
difference in the relative rates of hydrolysis of the two forms of the 
ester, In order to test this point |. menthyl mandelate and d. bornyl 
mandelate were prepared from menthol and borneol and inactive 


mandelic acid; but unfortunately the enzyme was without action upon 


them. | 
EXPERIMENTAL. 


The lipase used in the following experiments was prepared from — 
pig’s liver. The fresh organ was finely minced, then mixed with sand 
and well ground in a Rowland apparatus. At first the mass was simply 
extracted with water and the turbid solution strained and then used 
directly; but it was subsequently found preferable to mix the mass with 
Kieselguhr and obtain the juice by pressure. The liquid thus obtained 


exerts a strong lipolytic action and may be preserved for several weeks — 


if kept on ice. The juice was diluted as required and usually employed 
in five per cent. solution. The solution is slightly acid to phenol- 
phthalein, when freshly prepared, and the acidity increases slowly on 
standing. The solution for hydrolysis was made by violently shaking 
a known volume of the enzyme solution with a weighed amount of 
ester. After the ester was thoroughly emulsified the solution was 
incubated for a suitable time. It was found that incubation at a high 
temperature (e.g. 54°—55°) was undesirable, for although the hydrolysis 
takes place more rapidly under these conditions, it is eventually no more 
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complete than when the temperature is lower, and moreover the enzyme 
is rapidly destroyed. Most of the experiments were made at 36°. 

The amount of hydrolysis that takes place in any particular experi- 
ment depends largely upon the dilution of the solution and also upon 
the amount of enzyme present. In the first experiments it was found 
that when the solution reached an acidity corresponding to about 
03 per cent. mandelic acid, the hydrolysis was very slow. Accordingly, 
_ when one required a greater amount of hydrolysis than this acidity - 
corresponded to, the plan was tried of adding alkali sufficient to 
neutralise part or the whole of the mandelic acid. This was only partly 
successful, since in many cases the enzyme was found to be destroyed, 
presumably by the free acid, and on neutralising, no further hydrolysis 
took place unless a further addition of enzyme solution was made. 

The addition of alkali was also objectionable since it introduced the 
possibility of hydrolysing the ester independently of the enzyme. 

The plan that was finally adopted was to use five per cent. enzyme 
solution in all cases and to regulate the amount of the hydrolysis by the 
amount of solution present. The liquid, after addition of toluene, was 
usually incubated for one night and after this time practically no more 
hydrolysis took place on further standing. The amount of hydrolysis 
was then determined by titration of a portion of the turbid liquid 


with fl caustic soda, using phenol-phthalein solution as indicator. 


A blank test was always done with a boiled enzyme solution, to which 
the same amount of ester had been added, after cooling, and the proper 
correction applied to the first titration. As an example of how the 
amount of hydrolysis may thus be conveniently regulated it may be 
noted that 1 gram of ethyl mandelate after incubation with 30 c.c. of 
enzyme solution was hydrolysed to the extent of five per cent., whereas 
with 400 c.c. of enzyme solution, ninety-eight per cent. of the ester was 
hydrolysed. 

It was now necessary to devise a method for the separation of either 
the liberated mandelic acid or of the unhydrolysed ester in a pure state 
suitable for polarimetric observation. A large number of methods were 
tried, but it was found to be very difficult to avoid further hydrolysing 
the ester and so lowering the optical activity of the mandelic acid. 
The following method gave the best results and was used in all the 
experiments that follow. The turbid solution after a portion had been 
withdrawn for titration was filtered, and treated with exactly the calcu- 
lated amount of normal sodium carbonate solution to neutralise the 
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free mandelic acid. The liquid was then at once shaken up with 
_a large volume of ether and then thoroughly extracted for several hours 
by means of a continuous extractor. This long extraction is very 
necessary as it is difficult to remove the last traces of ester. The 
aqueous solution containing the sodium mandelate was then carefully 
evaporated on the water-bath. A precipitate of proteid matter was 
thrown down in the hot solution and after this had been removed by — 
filtration the filtrate was concentrated to about 15 cc. A few cc. of 
dilute sulphuric acid were then added and the free mandelic acid 
recovered by continuous extraction with ether for some hours. Unless 
the solution be concentrated it is almost impossible to recover the 
mandelic acid within a reasonable time. The ethereal solution was 
- then washed with a few drops of water and the ether removed by 
evaporation. The remaining mandelic acid was then dissolved in water 
and the clear solution examined in the polariscope. The exact concen- 
tration of the mandelic acid was determined by titration with standard 
alkali. Although numerous estimations of the activity of the unhydro- 
lysed ester were made, it was found to be more convenient, when 
quantitative results were required, to examine the mandelic acid rather 
than the residual ester. 

Special experiments showed that no optically active substance other 
than mandelic acid was present in sufficient amount, in the ethereal 
extract, to give a measurable rotation. 

It may be mentioned that apparently slight differences in the 
results occur when different lipase preparations are used, but the 
difference is not sufficiently marked to be quite conclusive, since the 
results of duplicate experiments are liable to a certain amount of 
variation. 

A curious fact was noted that though horse serum contains a lipo- 
- lytic enzyme which readily hydrolyses ethyl mandelate, giving au active 
_ product, no such result could be obtained when pig serum was used, 
_ although the organs of the pig furnish specially active lipase solutions. 

Hydrolysis of Methyl Mandelate was prepared by the Fischer and 
Speir? modification of the ordinary method for the preparation of esters — 
from an alcohol and acid. In order to present the ester in a finely 
divided form a weighed quantity of the ester was dissolved in a few c.c. 
of warm toluene and then violently shaken with the enzyme solution. 
After a time a precipitate settles out, which renders it still more easy 


1 Chem. Ber. xxvi. p. 1150. 1895, 
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to keep the ester emulsified. The products of hydrolysis were iia < 
according to the method given, and examined with the following 
results. | | 


| 1000 Cone. (c) of 


I solution acid 

5°8 +8°5 0°2128 +39°9 
+ 46 + 36°9 23°6 
22°2 +50 1368 + 36'5 23°4 
36°5 +81 +315 20°2 
90°2 . + 9 +116 


From the specific rotation, the amount of dextro-mandelic acid in 
100 parts of mandelic acid separated at any stage of the hydrolysis was 
calculated and the numbers are recorded in the last column of the table. 
For the calculation, pure dextro-mandelic acid was taken to have the 
rotation + 156°. 

The fact that when hydrolysis was practically scuailiie no optically 
active acid was obtained, is of importance, since it proves that the 
results are really due to difference in the rate of hydrolysis of the 
dextro and levo esters and not to any subsequent selective decomposi- 

tion of the liberated mandelic acid by other enzymes. 
| The course of the reaction is easily followed by a consideration of 
the accompanying curve (Fig. 1). The specific rotation of the acid is 
plotted along the vertical axis and the percentage hydrolysis along the 
horizontal axis. 

Since methyl mandelate is an easily hydrolysed ester it is probable 
that the results for the specific rotation for the lower percentage hydro- 
lyses are somewhat too low, owing to the hydrolysis of the ester by | 


water. 
BE 


Hydrolysis, 


Fig, 1. Hydrolysis of Methyl Mandelate, 
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HGdrolysis of Hthyl-Mandelate. A larger number of experi- 
- ments were made with this ester than with the others. It was 
prepared by Fischer and Speir’s method and boiled at 254° under 


- ordinary pressure. It is readily emulsified when shaken with the 
enzyme solution. A few of the results are tabulated. 


5-2 +11 +59°7 
169 +68 1°887 80°2 
+71 +88°3 24°6 
75°6 +84 1-490 +22°8 14°6 
81°0 1945 +211 18°5 
98°6 +18 2-128 + 83 5B 


The specific rotation of the mandelic acid separated after five 
per cent. of the ester had been hydrolysed is remarkably high, 
[a]D =+59°7°. The curve indicates that a considerably more active 
product would be obtained with a less amount of hydrolysis, so that . 
the difference in the rates of hydrolysis of the dextro and lwvo esters 
must be very marked, and although for reasons previously given the 
numbers are not considered sufficiently accurate to warrant # direct 
calculation of the relative speeds of hydrolysis, it may be safely 
concluded that the ratio is not greater than 0°5. 


50 100 


°%) Hydrolysis. | 
Fig. 2. Hydrolysis of Ethyl Mandelate. 


Hydrolysis of Iso-amyl Mandglate. Iso-amyl mandelate has not 
been previously obtained and was prepared by Fischer and Speir’s 
method from iso-amyl alcohol and mandelic acid. The substance boiled 
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with slight decomposition at 280—290° under ordinary pressure and 
without decomposition at 164—165° under 12 mm. pressure. It is an 
almost colourless oil with a pleasant smell, which becomes a low melting 

solid on cooling. 


1004, Cone. Percentage 

133 +16 +292 18-7 
229 +87 1°480 +25°0 16°0 
289 + 26 1°125 +28°1 14°38 
48°8 +84 1°794 +18°9 12°1 
799 +388 2°523 +1571 96 
+12 +113 72 


The difference in the rates of hydrolysis of the d. and |. iso-amyl 
mandelates is apparently distinctly less than is the case with either the — 
methyl or ethyl esters. 


= 


50 
Hydrolysis. 


Fig. 8. Hydrolysis of Amyl Mandelate. 


The Hydrolysis of Benzyl Mandelate. Benzyl mandelate was sub- 
mitted to the action of the enzyme in order to see if the presence of an 
aromatic alkyl group would result in any very marked difference in the 
course of the reaction. The substance was prepared by heating benzyl 
alcohol and mandelic acid in equal proportions, with five per cent. of 
concentrated sulphuric acid, on the water-bath for three hours. The 
product was then dissolved in ether and well washed with sodium 
carbonate solution. After evaporating off the ether the residue readily 
solidified and was recrystallised from a mixture of benzene and petro- 
leum. The substance crystallised in beautiful rosettes of prismatic 
needles, sparingly soluble in petroleum, easily soluble in benzene. 
After several recrystallisations it melted at 89—89}°. 

A weighed quantity of the pure ester was dissolved in a small 
‘amount of warm toluene and then violently shaken with the enzyme 
solution. | 
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Conc. (c) of Percentage 
12°7 +22 07600 186 
99°0 +12 0°5168 +28°2 14°9 
+24 1°064 22°6 14°5 
69°0 +24 1°307 +18°4 118 
90°7 +84 +108 6-4 


The results will be seen to be very similar to those obtained with 
iso-amyl mandelates, and distinctly less resolution i is effected than is the 
case with ethyl mandelate. ; | 


| 
50 
°/y Hydrolysis, 
Fig. 4. Hydrolysis of seu! Mandelate. 


l, Menthyl and d. Bornyl Mandelates. These substances were pre- 
pared by heating the alcohols and acid together at 130° for several 
hours. A small addition of sulphuric acid was made in the case of 
the menthyl ester. The substances were purified in the ordinary way. 
Menthyl mandelate boils at 215° under 20 mm. pressure, and crystallises 
readily from dilute aleohol in needles M.P. 83—84°. Bornyl mandelate 
is a viscid oil, b.p. 213—-215° under 20 mm. pressure. The substances 
were dissolved in toluene or in a little aleohol, and the enzyme solutions 
added, but although on one or two occasions a slight increase in acidity 

was observed in the case of the unboiled enzyme solution, the esters 
oat not be satisfactorily hydrolysed. 

_ Preparation of Deatro-Mandelic Acid. The mandelic acid residues 
from a large number of fractional hydrolyses of ethyl mandelate were 
concentrated to a small bulk and the mandelic acid recovered by 
extraction with ether. The acid so obtained contained about twenty- 
five per cent. of the dextro acid and seventy-five per cent. inactive acid. 
It was dissolved in water and boiled with excess of magnesium carbonate 
and filtered. The magnesium mandelate was then fractionally crystal- 
lised. The first crops of crystals had only a slight rotation and were 
rejected, whilst the later ones were recrystallised. In this way a large 
part of the inactive acid was removed. The mother liquors were 
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acidified with sulphuric acid and the remaining mandelic acid com- 
pletely recovered by extraction with ether. The ether was next 
distilled off and the mandelic acid fractionally crystallised from water, 
at a low temperature. 
The destro-acid being less than half as volute in water aa the 
inactive acid is crystallised out first. On recrystallisation, the pure 
acid was obtained with a specific rotation of © 


+ 157° =+410, c= 2609). 


Dextro-mandelic acid prepared by Lewkowitsch’ had [a]p” + 156. 


CONCLUSIONS. 


‘(1) The esters of optically inactive mandelic acid are hydrolysed — 
by lipase, and the rate of hydrolysis of the dextro component of the 
ester is greater than that of the levo, so that the mandelic acid 
liberated after incomplete hydrolysis is dextro-rotatory, whilst if the 
hydrolysis be complete the mandelic acid is inactive. 

(2) The results are best explained by the assumptions that 

(a) The enzyme, or a substance closely associated with it, is 
a powerfully optically active substance. : 
(b) That actual combination takes place between the enzyme 
(or substance associated with it) and with the ester undergoing hydro- 
lysis. 
| Since the additive compounds thus formed in the case of the dextro 
and levo components of the ester would not be optical opposites, they 
may be decomposed with unequal velocity, and thus account for the 
liberation of optically active mandelic acid. 

(3) The action of lipase upon optically inactive esters furnishes 

a method for their resolution into optically active substances. 


' Chem. Ber. xvi. p. 1568. 
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ON THE QUESTION OF THE DIRECT ACTION OF 
TISSUE EXTRACTS ON PROTOPLASM. By J. W. 
SCOTT-MACFIE. | 


(From the Physiological Laboratory, University of Edinburgh.) 


THE observations described in this paper were made upon three objects, — 
viz.—I. The Embryonic Heart, I. Leucocytes, III. Cilia. 


I. Action on the Beat of the Embryonic Heart. 

The heart employed was that of the chick of from 48 to 72 hours’ 
incubation, At this time nervous elements are completely absent from 
the heart, the beat of which furnishes a convenient index of the state 
of the cardiac tissue’. It is reasonable to expect that if extracts of 
body tissues act directly on the protoplasm of cells they will exhibit a 
similar action on the embryonic but fully functional heart of the 


_ chick. The excised blastoderm was floated into a depression ground 


upon a thick glass slide. The edges of the blastoderm were fixed to the 


slide by means of strips of filter-paper, but the embryo itself was left 


floating in a few drops of Locke’s normal saline solution. A glass cover 
was laid over the hollow in the slide to prevent evaporation. 

_ Extracts were prepared both from dried and fresh tissues, The 
dried material was obtained by simple exposure of the finely cut up 
moist tissue to the air at a temperature not exceeding 100°C. From 
this dried material extracts were prepared of a 1°/, strength. The 
routine in preparing an extract from fresh material was as follows. 
A weighed quantity of the moist tissue was thoroughly pounded in 
a mortar with silver sand and mixed with twice its weight of normal 
saline solution. The mixture with the addition of a few drops of dilute 
acetic acid was lightly boiled, and filtered. The filtrate, after neutrali- 
sation, was used for the purposes of the experiments. In a few cases 
however this filtrate was evaporated to dryness over a water-bath and 


1 See Pickering (This Journal, x1v. 1898), in whose paper will be found a brief 
historical summary of previous work on the embryonic heart. 
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a 1°, solution of the residue employed. The effects of solutions made 
in this way were not found to differ in any respect from those obtained 
with the less concentrated extracts generally used. : 

During an experiment the extracts were kept in little glass tubes 
with finely drawn out ends. The tubes and the glass slide on which the 
embryo was floated were laid on the warm stage of a microscope. By 
this means it was assured that the temperature of the extracts should 
be identical with the temperature of the embryo. Throughout the 
experiment the temperature was carefully watched and maintained at 
a constant level. | 

When an extract was to be applied the glass cover was slipped aside 
just far enough to admit the finely drawn out end of the glass tube in 
which the extract. was kept. Two drops of the fluid were then allowed 
to fall into the small quantity of saline solution around the embryo, the 
tube withdrawn, and the cover immediately replaced. The solutions 
were kept as nearly as possible at the same temperature as the chick ; 
but during the passage of the fluid along the drawn-out part of the 
tube some cooling necessarily took place, and to this, and the slight 
exposure to the air at the moment of slipping aside the cover, may 
_ perhaps be attributed the fact that in the great majority of my experi- 
ments the heart. was slightly, but only temporarily slowed by the 
administration of the extracts. A similar effect was produced by the 
addition of normal saline solution. It has been shown by Harvey, 
Schenk, Cleland, and Pickering that the effect of a lowering of 
temperature on the embryonic heart is to depress its rhythm. 
The tissues experimented with were :—suprarenal capsule, infundi- 
bular part of the pituitary, hypophysial part of the pituitary, testis, 
ovary, thymus, brain, spleen, muscle, pancreas, and corpus luteum. 

The following experiments illustrate the results obtained with 
extracts of suprarenal capsule. The time during which 20 beats of 
the heart took place is given in fifths of a second. 


I, Nov. 2nd day chick. Temperature throughout the experiment 35° C. 
12.8 p.m. Heart beating at the rate of 20 beats in 70. 
12.5 Two drops of normal saline (Locke) solution added. 
12.6. Heart slowed for the next few beats. ~ 
20 beats = 74. 
Then 20 beats = 65. 
12.7 Two drops of 1°, extract of suprarenal added. 
12.8 20 beats = 71. 
12.17. 20 beata= 71. 
12,22 20 beats = 72. 
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12.25 Two drops of suprarenal extract added. Extract applied directly to | 
: _ the heart, Heart stopped momentarily. 
12.26 20 beats = 72. 
12,40 20 beats = 72. 
stopped momentarily. 
12,48 20 beats = 70. 
This experiment illustrates the mechanical effect of the drops in stopping the heart- 
beat. The standstill was only momentary and when the heart resumed its fanction its 
beats were unchanged i in rate and character. 


It, Nov. Early 3rd day chick. Temperature throughout the experiment 39°C. Rate 
of the heart-beat determined before the exp. began, 20 beats = 50. 
. 2.41 p.m. A few drops of 1°/, extract of suprarenal gland added. No observable 
change. 20 beats=50. 
3.5 No changes observed hitherto. 20 beats=50. 
3.10 Rhythm and rate of heart-beat unchanged. 
_ In the above experiment the extract was not applied directly to the heart as in the 
previous case but was added to the solution surrounding the embryo. It will be noticed 
that the momentary stoppage of the heart-beat did not occur. This method, which avoided 


TII. March. 2nd day chick. Throughout the experiment the temperature was 23° C. 
12.25 p.m. 20 beats=62. 
12.26 -Two drops of normal saline solution introduced. The heart was 
slightly slowed fora moment. 20 beats=63. 
12.27 Twodrops of 1°/, suprarenal extract introduced. 
slowed. 20 beats=65. 


Iti is unnecessary to describe in detail the sinieieiieia with extracts | 
of other tissues, the results having been the same as those obtained 
with suprarenal extract. In each case there were experiments in which — 
absolutely ‘no alteration in the rate and nature of the heart-beat was 
observed and in each case there were experiments in which variations 
were recorded; but these were never 80 great nor so constant as to 


"require a particular explanation. 


‘IT. Action on the Movements of Leucocytes, 


‘The method adopted in these experiments was as follows, A a 
of normal saline solution and a drop of 1 °/, extract of the dried tissue 
of as nearly the same size as possible were placed side by side on a 
cover-slip. To each drop a little blood from a newt or frog was added 
on the end of a glass rod. The cover-slip was then inverted and obser- 
vations were made on the movements of the white corpuscles in the 
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hanging drops. A suitably placed and promising leucocyte was selected 
in each drop and its position carefully noted. After allowing a few 
moments to elapse in which the corpuscles might settle and recover 
their activity, observations were begun, drawings being made of each 
corpuscle every two minutes. Each experiment lasted about 20 
minutes, | 
Extracts of suprarenal capsule, pituitary, testis, ovary, and thymus 
were experimented with. 
On comparing the series of drawings eis of a leucocyte in the 
normal saline drop with that of the leucocyte in the tissue extract drop 
it was found that the movements had been as nearly equal as could be 
expected. This statement applies to all the extracts experimented 
with: in no case was there any appreciable difference between the two 
series of sketches. The observations however could only have been 
expected to yield positive results in the case of an extract which had a 
pronounced influence on protoplasmic activity. After the experiments 
were concluded the hanging drops were in a considerable number of | 
cases spread out into two films on the two halves of the cover-slips, 
dried, and stained. But a microscopical examination of the leucocytes 
_ did not in any way suggest that the extracts had materially altered the 
activity of the corpuscles: the size of the granules and general appear- 
ance of the cells on both halves of the cover-slips being identical. 


Ill. Action on Cilia. 


In order to try the effect of tissue extracts on the activity of cilia 
a piece of a frog’s gullet was cut out, split longitudinally, and laid upon 
a cork plate. In pinning out the gullet care was taken to avoid 
twisting the strip of tissue. By this means it was possible to obtain 
_@ considerable length of gullet over which the cilia were waving in 
a single direction, A length of nearly half-an-inch was then marked 
off in the middle of the strip of gullet by means of two fine threads 
stretched across the membrane and supported by pins at such a distance 
from its surface that small seeds or particles of sand could float freely — 
beneath them. The cilia were kept moist by drops of Locke’s normal — 
saline solution applied to the strip at its upper end and therefore at 
some distance from the threads. This precaution was necessary in order 
-» avoid the mechanical disturbance of the rhythmic activity of the 
cilia caused by drops of fluid falling/on the tissue. 
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An estimate of the activity of the cilia was obtained by recording 
the rate at which a small particle passed over the membrane. For this 
purpose little dark seeds were found to be most convenient on account 
of their lightness and almost spherical shape. The seeds, previously 
moistened, were laid on the gullet a short distance above the threads 
and allowed to drift down with the stream created by the waving of the 
cilia. The time spent in travelling from the first thread to the second 
was observed from a fixed point immediately above the cork plate and © 
recorded by means of a stop watch. The rate was found to be approxi- 
mately constant. As soon as this constant rate had been determined 
for the particular seed and strip of gullet in use a drop of a 1°/, saline 
extract of a dried tissue was allowed to fall on the membrane at its 
upper end. The seed was then started and allowed to drift downwards, 
the time taken to travel between the two threads being recorded. As 
soon as the seed had passed beyond the second thread it was lifted from 
the membrane and taken back to the start again and the process con- 
tinued in this manner for some time. Each experiment lasted _ 
20 minutes. 

Extracts of the following tissues were employed ss aaiaiel 
capsule, pituitary, testis, ovary, thymus, spleen, pancreas, and muscle. _ 

- The following experiment will serve to illustrate the nature of my 
results, 


IV. Dee. 


in fifths of a second. K 
Time of day Tissue moistened with Speed 
2.24 p.m. Locke’s saline 125 
2.25 128 
2.27 124 
2.28 ae 1%, pituitary extract - 107 
2.31 | 111 
2.34 ; 125 


In the case of each tissue the record of the experiments showed 
this slight acceleration of the rate following immediately after the 
moistening of the cilia with the extract. The acceleration was not 
more marked after the addition of any one gland extract than another. 

Direct observations on the movements of cilia through a microscope 
were also made but with negative results: no appreciable change was 
observed in the rate of vibration of slowly moving ane when extracts 
were irrigated beneath the. cover-slips. | 


“Sad 
‘ae 
“4 
A 
4 
+ 
4 
4 
4 
= 
we 
ayy 
wy 
ay 
ae 


ACTION OF TISSUE EXTRACTS. 269 


SUMMARY. 


I. Extracts of suprarenal capsule, pituitary, testis, ovary, thymus, 
brain, hypophysial part of pituitary, spleen, muscle, corpus luteum, 
and pancreas appear to be: without characteristic action on the con- 
tractile tissue of the embryonic heart. : 

II. The activity of leucocytes is not appreciably changed by 
extracts of suprarenal capsule, pituitary, testis, ovary, or thymus. 

III, The rate at which a seed travels over the ciliated surface of the 
frog’s gullet is slightly increased by extracts of suprarenal capsule, 
pituitary, testis, ovary, thymus, spleen, pancreas, and muscle; but no 
one of these extracts exerts a specific action upon ciliary movement. 


PH. XXX. 18 
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ON THE INFLUENCE.OF PITUITARY GLAND SUB- 


STANCE ON METABOLISM. By JOHN MALCOLM. 


(From the Physiological Laboratory, University of Edinburgh.) 


Historical. In 1897 Schiff” published a report on some metabo- 
lism experiments in which he administered pituitary substance (Merck’s 
tablets) to a healthy man, to a man suffering from paralysis agitans, 
and to a case of acromegaly. He found that there was no influence on 
the nitrogen in any case, but that the phosphorus output in the two 
diseased cases was increased. The increase took place in the feces, and 
he attributed it to katabolism of bony tissue. Neither calcium nor 
magnesium was estimated and the conclusion come to assumes that 


bone was the only phosphorus-rich tissue which was affected, whereas it 


is possible that the increase may have been due to nuclein. 
Moraczewski® (1901) examined the metabolism of a case of acro- 
megaly under the influence of various therapeutic agents including 


pituitary gland tablets (Merck). He found that on simple diet alone 


there was a marked retention of nitrogen, phosphorus, calcium, magne- 
sium, and chlorine. This he puts down to the increased growth of the 
tissues, soft. as well as bony. On giving pituitary the nitrogen output 
was increased, also the phosphorus, while the calcium was unaffected or 
even slightly retained. 

Oswald® (1902) experimented . on a dog with some pituitary gland 


aes oriaaaae and found no effect on the nitrogen or phosphorus in the | 
urine, 


The i detailed here were begun early in 1902 and are 


given in chronological order. The pituitary substance used was 


obtained from oxen’. In one experiment (V) the glands were given 
fresh and entire (freed from all connective tissue, etc.). A little chloro- 
form was added to the jar in which the glands were sent, and the jar 
kept in ice; fresh supplies were sent twice weekly. In the other 


1 I have to thank the firm of Messrs Burroughs, Wellcome and Co. for their kindness 
in supplying me with material, J. M. 
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experiments the “glandular” and “nervous” portions were separated, 
dried at 70°C. or thereby, and stored in bottles till required. 
Analysis of the pituitary glands gave the following results :—The 
average weight of the fresh gland in the ox is 2 grm. of which one- 
sixth consists of the “nervous” portion when separated at the cleft. 
The water-percentage of the entire gland is about 77, of the “ glandu- 
lar” part 73°5, of the “nervous” part 85. The dried substance gave 


| the following percentages :— 


Nitrogen (as N) ae 12°3 
Phosphorus (as P) 0°72 0°8 

The percentage of calcium in the entire gland (dry) = 0°123 (Ca). . 

Mode of Eaperiment. A large (21 kilo) bitch was the subject of 
experiment in each case. She was confined toa kennel with access only 
to a large rectangular tray which sloped gently to a central opening. 
The urine was collected in a glass vessel placed beneath this opening. 
A glass tube of about one inch diameter, tapered at the upper end, was 
placed in this vessel, the lower end being open and the upper end 
connected by narrow rubber tubing to a recording tambour which wrote 
on @ vertical drum revolving once in twelve hours. When urine was 

_ passed, it rose in the glass tube, driving the air before it, and so gave a 
record of the time of micturition. The urine of 24 to 60 hours collected 
in this way was made up to a round number of c.c.’s with distilled 
water, and sampled. In Exps. II, III, IV and V, the volume of the 
urine was taken by noting the number of c.c.’s necessary. An 
advantage of the use of this “urine-clock” is that the animal is kept 
under perfectly normal conditions as regards micturition. — 

Faces. The feces were collected from the tray whenever observed, 

kept under a close-fitting bell-jar till two or three days’ feces had 
accumulated, chloroform or thymol being added; they were then 
weighed, dried as a whole on a water-bath to constant weight, ground 
to a fine powder and a sufficient amount kept for analysis. To limit 
the feces of one period from another 0°5 grm. pure carbon was given — 
some hours before a meal. : 

Exercise. The dog was exercised by being made to run up and 
down the laboratory stairs (15 feet) a fixed number of times for each 
experiment, usually fifteen to twenty. 

Food. Various food-stuffs were used, but in aah case the caloric 
value of the diet was estimated directly by the bomb calorimeter and 
the necessary _— amount calculated from this—allowing fifty-five 

18—2 
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calories per kilo per day in accordance with Pfliiger’s experience. In 
each case, except Exp. I, the experiment was only begun after the 
animal had been fed on the diet for two to three weeks. The amount 
of common salt given was carefully measured out daily, and in the 
experiments on calcium excretion distilled water was used in cooking 
the food. 

Analyses. The methods used: for ues were—for nitrogen, 
Kjeldah]—for phosphorus, Neumann’s method of incineration with 
HNO, and H,SO, followed by his titration method—for chlorides, 
Volhard (von Mering’s modification for urine of dog). In estimating 
the calcium and magnesium in urine in the later experiments a modifi- 
cation of Neubauer’s method was found to be more convenient and 
quite as exact as the original, viz.:—500 c.c. of the urine were taken, 
some ammonium chloride solution added (20 c.c. of a 20°/, solution), 
then 25 c.c. of strong ammonia (‘880); the resulting precipitate of 
calcium and magnesium phosphate was filtered after twelve or more 
hours’ standing, washed several times with 1 in 3 ammonia, and then 
dissolved off the filter-paper with weak HCl, and the calcium precipi- 
tated by the successive additions of ammonia till alkaline, acetic acid 
till acid, and finally ammonium oxalate. The magnesium was estimated 
in the usual way in the filtrate from the calcium oxalate by adding 
ammonia and some sodium phosphate, filtering, washing, and incinera- 
ting the resulting precipitate of ammonium-magnesium-phosphate. — 
The advantage of the modified form of the method lies in the 
diminished bulk of the filtrate from the Ca-oxalate, and the larger 
amounts of Ca and Mg dealt with. Almost every figure given in the 
tables of analyses was controlled. 


Exp. I. In this, the influence of the “glandular” part was tried. 
Horse-flesh and oatmeal formed the diet. The former was bought in large quantity, 


_ mineed, weighed out into daily portions and sterilized in glass jars by heating on three 


successive days till the centre of the mass reached 70°C., the jars being closed by a 
paraffined cork provided with a short glass tube plugged with cotton wool. The oatmeal 
was made into porridge and the meat added while still hot. The whole ration was given 
in two meals at 9 a.m. and 9 p.m. Table I gives the data. , 


I, (“G@landular” part.) 
ae About 21 kilo weight. Aet. 2 years. 


Intake. 200 grm. oatmeal = 4°127 grm. N 0-979 grm. P 
250 grm. horse-flesh= 8°213 grm.N 0°489 grm. P 
12°840 1°468 


| During Periods IV, V 15 grm. dried “glandular” part of pituitary were given (2, 8, 
4, and 6 grm. on four successive days). This entails an additional intake during the 
time of 0:5 grm. N per day and 0-027 grm, P= 12°840 grm. N and 1°495 grm. P. 
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Urine Feces 
Time per day Total amt. Total amt. Total amt. Time = Total amt. ‘rotal amt. 
No. hours grms. grms. days grms. grms. 
63 1066 29°442 2°512 31°910 9 67°4 2°277 1:229 
Il. 46 1187 23°380 1-923 28°834 9 64°6 8°021 1-442 
Il, 1175 34°414 3°073 35-280 9 66°2 2°307 1°733 


Average perday 11472 0-987 11:942 0-845 0-489 


IV. 3876 1280 18-960 1-626 19°746 4 293 1-290 0-776" 
5626 1256 24°134 2°212 24°512 4 41:7 1-712 1-265 * 
Average perday  11°466 1-021 11-776 0°750 0°510 
VI. 588 1842 24-917 2°145 25-012 364 1-380 1/178 
Average perday 11-115 0-957 11°157 0-460 0°398 


* 15 grm. dried “glandular” pituitary. 

Resutts. Nitrogen Balance. There is a slight retention of 
nitrogen during the “glandular” period. Thus during the whole 
normal, pre-pituitary period (I—III) the average output per day 
= (11472 + 0°345) = 12°317 as against 12340 of intake, leaving a + 
balance of ‘023 per day ; during the pituitary (“glandular”) period the 
output per day = (11°466+-0°750) = 12°216 as against 12°840 intake, giving 
a + balance of ‘624 per day; during the post-pituitary period, output 
= (11135 + 0'460) = 11°575, intake = 12340, giving a + balance of 
‘765 per day, but as some vomiting occurred during this period, one can 
scarcely lay any stress on the result. 

Phosphorus Balance. Output during the pre-pituitary period 
= (0987 + 0°489) = 1°476, intake 1:468 = a — balance of ‘008; during 
_ the pituitary period, output = (1021 + 0°510) =.1°531, intake = 1°495 
=a — balance of 036 per day; during the post-pituitary period, 
output = (0°957 + 0'393) = 1°350, intake = 1468 = + ‘118 per day 
(vomiting may account for some of this). 

_ Ohlorine. The amount of chlorine given as NaCl was perhaps 
unnecessarily large in this experiment. The excretion by the urine 
shows a slight retention. 

Water. The amount of water passed in urine and feces was not 
specially measured in this experiment, so that no definite conclusion can 
be drawn from the amount of urine. 

The experiment as a whole shows that the “glandular” lobe of the 
pituitary, when administered in the dry form, tends to cause a retention 
of nitrogen, and probably chlorine, while the output of phosphorus is 
increased, | 
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Exp. II. In this experiment the influence of the “ nervous” portion 
(dried) was investigated in a similar way. | 

The food consisted of dog-biscuit, finely ground, mixed and weighed out in daily 
amounts of 280 grm. It was prepared by pouring a measured amount of boiling water 
over and stirring. The amount of urine was carefully noted. Table II gives the data. 

Taste IL. (“Nervous” part.) 

Intake. 280 grm. dog-biscuit meal daily +1200 ¢.c. water. Nitrogen=9-0596 grm. ; 
‘Phosphorus=1°486 grm. During the pituitary periods (V—VIII) 10 grm. dried “nervous” 
portion of pituitary were given over three days. The intake during this interval is 
therefore 9°0596 + 0°410=9°4696 grm. N, and 1-486 +0°027 =1-513 grm. P. 


Urine Feces 

No. hours Cc grms. grms. days  grms. grms. grms. 

I, 438°5 14°728 

Il. . 24 1145 8°285 0°692 

Ill 24 1127 7°896 0626 6 150°06 5°382 
IV. 28% 998 8288) 

Average per day 1027 7340 0°632 25°0 1308 
Vv. 245 8-120 

VI. 245 961 7672  0°617 | | 
Vil. 12 468 4396 0642 10910 5587 2-987" 
VIII. 24°6 830 8120 0646 
_ Average per day 927 7°708 0°781 1°597 0°858 
IX. 263 1080 7504 0-620 

6636 8600578 4118-00 585 8172 
XI. 287 1104 8558 0681 

Average perday 913 7036 0°579 28°2 1°634 0°793 


6 10 grm. dried “ nervous” part of pituitary. 

Resutts. Nitrogen Balance. Output in normal, pre-pituitary 
period = (7'840 + 1308) = 9°148 ; intake 9°0596, giving a — balance of 
‘088 per day. In the pituitary period (V—VIII) output = (7-703 + 1°597) 
= 9:300; intake = 9°4696, giving a + balance of practically ‘170 per day. 
This is more marked in the post-pituitary period where the output 
= (7036 + 1634) = 8670; intake = 90596 = + 389 per day. In the 
two latter cases the diminution is due to the output in the urine. 

Phosphorus Balance. Although the total phosphorus given in this 
experiment exceeded that of Exp. I, it was evidently in a less soluble 
form as shown by the relative amounts in urine and freces in the two 
tables ; thus, in Exp. I, 67°/, of the P-output takes place in the urine, 
_ in Exp. IT, 41°/,. This probably accounts for the negative balance of 
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the normal, pre-pituitary period (I—IV) where the output = (0632 
+ 0897) = 1°529; intake = 1'486 = — ‘043 per day. In the pituitary 
(“nervous”) period, output = (0°731 + 0°853) = 1°584; intake =1°513 
= - ‘O71 per day. In the post-pituitary period, output =(0°579 
+ 0°793) = 1372 ; intake = 1°486 =a + balance‘of ‘114 per day. 

Water. The amount of urine shows a slight diminution during the 
pituitary period which is still apparent in the next period. The amount 
of solids in the feces shows a distinct increase in the same two periods. 


Exp. IIT. In this experiment the points studied were the output of 
water in urine and feces and the output of calcium. 


The food consisted of dog-biscuit meal and was prepared in the same way as in Exp. IL. 
The feces were weighed before as well as after drying. The calcium in the food and in 
the feces was estimated by simple incineration and extraction with HCl. In this extract 
the iron was precipitated by neutralizing with NH,, and then acidifying with acetic acid, 
filtering and washing. The Ca was precipitated in the combined filtrate and washings by 
ammonium oxalate and the precipitate incinerated and weighed as CaO in the usual way. 
Table III gives the results in summarized form, each of the periods I, II, etc., being 
formed of three sub-periods. The whole experiment lasted about six weeks. 


Tasie IIT. 


Intake, 280 grm. dog-bisouit meal + 740 c.c. water daily. Total N =13°4 grm., 
Oa=1°825 grm., Mg=0°472 per day. | 


* Ca estimation of a sub-period lost; 03 is the amount in 96 hours’ urine. 


Urine Feces 
Time Volume | Total (moist) (dry) Total Ca Total 
No. hours arms. days grms. grms. grms. grms. 
2705 0°0355 5 524°6 167°8 
Normal 2452 0°0300 5 470°5 169°3 1°820 
Ill, 148 2828 0°0374 6 568°3 -207°4 10°148 2°253 
| "Average per day 487 00068 840 0870 
‘‘Glandular” IV. 1445 2679  0°0800* 6 6922 2510 12°186  2°698 
Average perday 445 0°0075 42°0 2031 0°449 
Normal Vv. 149 2378 00367 5 468-0 159°2 7614 1°699 
Average per day 883  0°0066 318 0-340 
‘‘Nervous” VI... 125°5 2574 0°0491 6 617% 225°9 11°714 2°292 
Average perday 492 0°0094 1952  0°882 
Normal VII. 141° 2765 0°0527 6 612°6 219°2 11°500 2°140 
Average per day 469 0-089 365 1916 
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Resutts. Calciwm Balance. The intake of calcium in the food was 
unfortunately larger than necessary, and the animal retained a consider- 
able portion of it during the normal periods. In the pre-pituitary period 
(I—IIT) output = (0°0063 + 16350) =1°6413; intake =1825 = a 
balance of ‘181 grm. daily. In the “glandular” period (IV) 0°5 grm. 
dried“ glandular” pituitary was given daily for six consecutive days ; 
output = (00075 + 2°0810) = 2°0385 ; intake = 1°825 (disregarding the 
very small amount in 0°5 grm. substance) = a — balance of ‘213 grm. 
daily. In the next (normal) period (V) the balance returns to that of 
(I—III), output = (0°0066 + 1°523) = 15296 ; intake = 1°825 = +295. 
During the “nervous” pituitary period (VI) output = (00094 + 1952) 
= 19614; intake = 1825 = a — balance of °136. This effect is still 
apparent in the post-pituitary period where output = (0°0089 + 1°916) 
= 1925; intake = = —°100. 

Magnesium. The magnesium was estimated in the feces a con- 
siderable time after the experiment was finished, and when the urine 
was no longer available. The significance of the ratio (Mg: Ca) as an 
index of the state of bone metabolism was pointed out by I, Munk”, 

d more recently it was used by Cronheim and Miiller® in 
* investigating growth of bone in infants. 
he Mg in the feces is increased as much as the Ca under the 
influence of the “glandular” portion, while it is not increased to the same 
extent as the Ca under the influence of the “nervous” portion; thus the 
(Mg : Ca) ratio in feces of the normal period II—III is 1 : 4°4, of period 
IV (“glandular”) 1:4°5, of period V (normal) 1:4°4, of period VI | 
(“nervous”) 1: 5°1, and of period VII (post-“ nervous”) 1 : 5:4, showing 
that under the influence of the “nervous” portion there was probably 
an increased katabolism of bone. 

Water. The amount of water in the urine and feces was examined 
to see whether the diuretic effect of intravenous injection of pituitary 
extracts observed by Schafer and Magnus™, took place when the 
gland substance was administered orally, and also to see whether there 
was any gross effect on carbohydrate metabolism. Since the dog sweats 
very little, the only other source of water loss is the breath, and as 
the output by this channel depends on the absolute humidity of the 
atmosphere, an attempt was made to estimate this daily, but from want 
of time it had to be abandoned. The output of water is shown in 
Table IV. 
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IV. 
Period Volume of urine Waterinfeces Total water 
No. _ per day c.c. per day c.c, per day c.c. 
487 64 551 normal 
IV. 445 73 518 “glandular” 
Vv. 383° 61 444 normal 
VI. 492 65 557 “*nervous”’ 
VII. 469 65 534 normal - 


It is evident from these figures that there is no diuretic.effect from — 
Fa the oral administration of pituitary in this case, the differences that do 
i occur being too small to allow one to draw conclusions from them. 
There is certainly no diuresis such as one frequently sees when thyroid 
substance is similarly given, and hence in all probability no effect on 
carbohydrate metabolism. The only other point of interest in this 
experiment is the excretion of solids in the feces. There is a distinct 
increase in the solids of the freces in both “ glandular” and “ nervous ” 
periods which, in the latter case, continues for some time. 


Exp. IV. In this experiment the influence of the fresh gland 
substance in its entirety was similarly studied. 


The food consisted of oatmeal made into porridge to which dried and powdered 
horse-flesh was’ added. This flesh-meal was supplied by a dog-food company (Eldin 
Chem. Co,, Loanhead, Midlothian) and, although the amount of calcium present was 


above the normal percentage found in pure horse-fiesh, the total amount of Ca given was 
barely sufficient to cover the calcium-need of the dog. 


All the arrangements in this experiment were similar to those of the previous ones 
except that the fesces were not limited off with carbon but simply collected for so many 
days at atime. Results are given in Table V. 


Resuuts. Nitrogen Balance. Output in the pre-pituitary period 
= (14376 + 1495) = 15871; intake = 16°020, giving a'+ balance of 
‘149 grm. daily. In the pituitary period, the balance becomes distinctly 
negative, in contrast to the influence of the dried substance; output 
= (15°991 + 1617) = 17-608; intake = 16°793 = — ‘815 grm. daily. 
In the post-pituitary period this negative balance is still evident, 
output = (14865 + 1494) = 16°359; intake = 16:020 = — 339 grm. 
daily. 

Calcium Balance. During the pre-pituitary period output = (0-017 
+ 0646) = ; intake = 0°3387 = a — balance of grm. daily. 
It is perhaps due to this that there is less effect on the calcium excretion _ 
than in Exp. IIT where the Ca-intake was more than sufficient to cover 
the need of the dog. In this experiment it was evidently too small. 
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V. (Fresh gland substance.) 


Intake. 190 grm. oatmeal =38°282 grm. N, 0°133 grm: Ca, 0°235 grm. Mg. 90 grm. 
dried flesh =12°738 grm. N, 0°2057 grm. Ca, 0°0654 grm. Mg. Total=16°020 grm. N, 
0°3887 grm. Ca, 0:3004 grm. Mg. During the pituitary period (14 days) there was given 
about 26 grm. fresh substance daily, in all 336 grm. containing 0-773 grm. N, 0-095 grm. Ca 
(Mg estimation lost). Total intake during this period is, accordingly, 16°793 grm. N, 
0°4387 grm. Ca, and 0°3004 grm. Mg. 


Output. 
Urine 
1. 60 1840 36-080 0°0351 01728 
Il. 48% 1560 29°120 0°0888 0-1440 
Ill. 47% 1500 00871 0°1307 
IV: 72 2140 42°840 0-0621 
2180 43871 00450 0-2028 
48°5 1500 30°240 00311 01470 | 
Average per day 733 14°376 00170 0°0673 
VII. 445 1865  98°784 0°0331 0:1882 
VIll. 480 1550 32-964 0°0337 0°1477 About 25 grm. 
IX, 48°0 1355 30°856 —_— 0°1508 pituitary daily 
2475 50°484 0°0518 0°1874 (fresh 
2120 45-080 0°0550 01987 substance) 
xl. 49 1680 34-048 0°0888 0°1817 
Average per day 758 15991 0°0178 0:0683 
XI. 47 1440 29-232 00308 0°1281 
XIV. 36 980 99°176 00245 0-0959 Normal 
Average per day 700 14-865 00160 0°0647 
Feces 
Time Weight (dry) Total N Total Ca Total Mg 
_ No, days grms. grms. 
1. 2 1-678 0°644 
Il. 3 5006 2-044 0-810 
IV. 2 49°0 3125 1-420 0°507 
Average per day 24°8 1-495 0-646 0-244 
8 83°5 5112 2-807 0801 
VI. 3 63°8 4°102 1-590 0°688 25 grm. fresh _ 
VI. 863 75°2 4°641 - 2-020 0771 | pituitary daily 
118°5 7°168 2°651 1-097 
Average per day 25:8 1617 0659 0-254 
IX. 3 688 4°483 1:425 0-620 Normal 


Average per day 229 1-494 0-475 0-206 
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In the pituitary period output = (00178 + O68?) = 06768; 
intake = 0°4337 = a — balance of 0243 grm. daily. 

In the post-pituitary period output = (0016 + 0°475) = 0°491; 
intake = 0°3387 = a — balance of 0152 grm. daily. 

Magnesium Balance. Since the Mg-intake was sufficient in aid 
the balance is more perfect than in the case of the Ca. In the 
pre-pituitary period output = (0°0673 + 0244) = 03113; intake 
= 03004 = grm. daily. In the pituitary period output = (00683 
+ 0254) = 0°3223 ; intake = 0'3004 = — 0°022 or rather less to allow for 
the Mg in pituitary substance. In the post-pituitary period output 
= (0°0647 + 0°206) = 02707; intake = 0°3004 = + 0:03 grm. daily. 


SUMMARY. 


VI. (Summary.) 


Nitrogen Phosphorus Calcium Magnesium 
per day per day per day per day in feces = =s_- per day 
Exre.I. Normal + 033 + 008 
Normal + + ‘118 (some vomiting) — 
Exp. II. Normal ‘088 — 043 25°0 
‘‘Nervous” + °170 071 31-1 
Normal + °889 -~ 28-2 
Exp. Normal + 1:44 840 
“Glandular” — — ~ 218 1:4% 42-0 
Normal — — +295 — 1:4°4 31°8 
“Nervous” — “136 — 1:64 37°6 
Normal — — ‘100 36°5 
Exp. IV. Normal + 149 — B24 O11 ~ 24°3 
Fresh gland —-°815 — 243  ~— 25°8 
Normal — ‘839 ~ "152 + 22°99 


Nitrogen. The “glandular” portion of the pituitary, when ad- 
ministered orally in the dried form, caused a slight retention of nitrogen ; 
the dried “nervous” portion had a. similar effect. The fresh entire 
gland in large doses has an opposite effect and increases the output of 
nitrogen. 

Phosphorus. The “glandular” portion caused a retention of P, while 
the “ nervous ” caused a loss followed by a retention. 

Calcium and magnesium. Both the dried “glandular” and dried 
“nervous” portions gave an increased output of calcium (on Ca-rich 
diet), but while the excretion of Ca in the former case was accompanied 
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by an increased output of Mg (in faeces at any rate), the latter was not, 
or not to the same extent, so accompanied ; this points to the “ nervous ” 
portion having had a katabolising influence on bony tissue. Fresh gland 
substance gave no increased Ca-output (diet poor in Ca) but rather a 
tendency in the opposite direction. The Mg output was at first increased 
—to a greater extent than can be accounted for by the increased 
_katabolism of proteid tissue which took place simultaneously (if one may 
so interpret: the increased N-output). In the post-pituitary period the 
balance swings in the opposite direction. This corresponds to the effect 
of the (dried) “glandular” portion (see Table III) which forms five- 
sixths of the entire gland. 

In the case of nitrogen and calcium the fresh gland has an . opposite 
effect to that of the dried, pointing to the probable existence of more than 
one active substance. The “nervous” portion is probably the more active 
as shown by the duration of the effect, e.g. increased amount of faeces and 
increased Ca-output, lasting over the succeeding normal period, while 
with the “ glandular ” portion effects usually Conse with the administration. 


The expenses of this research have been a sar defrayed by — 
from the Moray Research Fund of this University. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF THE 
ACTION OF ENZYMES. Part II. The influence of 
electrolytes on the action of invertin. By SYDNEY W. 


COLE, Trinity College, Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


In Part I of this communication! I showed that the influence of electro- 
lytes on the action of amylolytic ferments on starch paste could be 
expressed by the following ‘law*’: that the action is favoured by 
anions and depressed by kations, the effect of these ions being the 
greater the greater their ‘actinising power*.’ To obtain an explanation 
of these results it is necessary in the first place to discover whether the 
electrolytes exert their influence by an action on the ferment or on the 
substrate. Working with amylolytic ferments there was a great possi- 
bility that the effects obtained depended on some alteration in the state 
of aggregation of the colloidal starch, or its primary splitting products, 
for Hardy and others have shown how remarkably susceptible colloids 
are to dissolved electrolytes. I have therefore extended my observations 
to the action of invertin on cane sugar, which presumably exists in 
a state of true solution in water, and is therefore less likely to be 
directly affected by the addition of electrolytes. My solutions were 
prepared and my experiments performed as follows. 

Ferment. ‘A solution of the commercial invertin obtained from 
Merck was filtered from a slight amount of insoluble residue, and 
thoroughly dialysed against distilled water in the presence of chloro- 
form. 

Cane sugar. Pure crystalline cane sugar was washed several times 
with small quantities of distilled water and then drained. It was 
dissolved in distilled water, filtered, and the concentration determined 
by. means of the polarimeter. | 


- 1 This Journal, xxx. p. 202. 1908. 
* Loe. cit. p. 211. 
p. 215. 


A 
a 
“A 
> 
iz 
pt 
- 
“J 
V4 
ia 
EN. 
~ 
‘ 
‘ 


Salt and acid solutions, These were made by the usual methods 
from pure materials and carefully standardised. 

Polarimeter. . A half shadow instrument by Schmidt and Haensch 
was usually employed, but in a few experiments I used the more delicate 


triple-field instrument by the same makers. 


Eaperimental procedure. A certain amount (7 cc.) of a given 
solution of cane sugar was placed in a number of thoroughly clean, 
dry, labelled test-tubes. Carefully measured amounts of acid or salt 


_ solutions were added, and then an amount of water to make the 


contents of the tubes up to the same volume (15 c.c.). Two or three ~ 
drops of chloroform, and a fixed amount (3 c.c.) of the dialysed ferment 
solution were added to each, the tubes well corked, shaken, and placed 
in a large water-bath at constant temperature. 
A control tube containing cane sugar, water and ferment only was 
examined at intervals until it was found that a convenient degree of 
inversion had been obtained. The whole of the tubes were then cooled 
to room temperature, and the degree of inversion estimated in succession. 
With the strength of ferment used, no appreciable amount of inversion 
took place at room temperature during the time necessary for the 
careful examination of a batch of tubes. In many cases the tubes 
were boiled to destroy the ferment and the birotation of the dextrose. 
The concentration of cane sugar originally present in the tube was found 
by polarimetric estimation of the sugar at the same dilution. 

My results are expressed in percentages of sugar inverted, and were 
obtained by use of the following data: : 
Rotation of cane sugar [a] D=+ 66°5 

Rotation of invert sugar [a] D =— 24‘5. 
Supposed observed rotation in 2 decimetre tubes to be + 30-06’. 
Then rotation for complete inversion would be 
+ 30°06 x — 245 
+ 665 =—11°07°. 
Therefore total change i is 30°06 + 11:07 = 41°12". | 
If after incomplete inversion the rotation is + 21°85° then she 
inversion would be 
(30°06 — 21°85)x 100 
1996. 
A slight error is introduced from the fact that the rotation of cane 
sugar varies with the concentration, but since I desired comparative 
and not absolute results I have neglected the necessary correction. . 
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. Exp. 1. The influence of salts on the action of invertin. Concentration of sugar in the 
mixture, 29:5 per cent, Concentration of salis in the mixture, =. ‘Temperature 85° C. 


' Percentage Percentage Percentage Percentage 
Salt used after 24 hrs. after 48 hrs. Salt used after 24 hrs. after 48 hrs. 
Without salts 46-2 69°3 Ammonium sulphate 49°1 
Sodium chloride 84:9 55-4 Magnesium sulphate 40-7 63°0 
Barium chloride Potassium oxalate 41°6 61°6 
Potassium nitrate 34°3 §2°8 Sod. potass, tartrate 26°5 
Sodium formate 26-0 441 Ammonium tartrate 46-4 
Magnesium formate 26°2 Sodium citrate 25°4 465°5 
Sodium acetate 214 


Exp. II. The influence of salts on the action of invertin. Concentration of sugar in 
the mixture, 24°4 per cent. Concentration of salts in the mixture, ©. Temperature, 40°C, 


24 hra. hrs. Salt used after 24 hrs. after 42 hrs. 
Without salts 20°0 26-2 Ammonium sulphate 41:2 58°6 
Sodium chloride Magnesium sulphate 9°5 10°4 
Ammonium chloride 37:3 53°7 Potass. sod. tartrate 10-6 12-0 
Barium chloride . 10°6 11°4 Ammonium tartrate 63°6 79°6 
Potassium sulphate 10°8 


A comparison of these results with those obtained in the work on 
ptyalin, indicates, I think, that the ‘law’ I have formulated is, in the 
‘main, true for invertin acting on cane sugar, but there are several 
points that require discussion. 

In the first place it must be noted that most salts depress the action 
of invertin, whereas they stimulate amylolytic ferments, Thus though 
sodium chloride markedly stimulates the action of ptyalin, it has 
a considerable inhibitory effect on invertin. This can be explained by 
assuming that in the ease of ptyalin the negative Cl ion accelerates more 
than the positive Na’ ion depresses, the reverse being true with invertin. 
It appears that in inversion the kations have relatively much more 
influence than in starch digestion, where the anions were apparently so 
potent. In Exp. II given above it is clear that in the case of the 
chlorides of sodium, ammonium and barium, and of the sulphates of 
potassium, ammonium and magnesium, the differences in effect must 
be due to the kations. Following the argument I have used in Part I 
concerning ‘the nature of the ion’ I imagine that the actinising 
— of the kations follow the order of the strengths of the bases 


1 This Journal, xxx. p, 214. 
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from which they may be supposed to arise. Walker gives the —* 
table of relative strengths of bases’ : 


Lithium hydrate 100 Sodium hydrate 98 
Potassium __,, 98 Ammonium _e,, 2 


Potassium and sodium ions would therefore depress the action very 
much more than the ammonium ion. In fact, the depression due to the 
feeble ammonium ion is so slight that it is overcome by the augmenta- 
tion due to the chlorine ion, the result being that ammonium chloride 
has a remarkable stimulating effect on invertin. 

Such a difference between the action of the chlorides of sodium and 
ammonium did not appear when working with ptyalin, but on the 
chance that I accidentally missed it, I have recently made a few careful 
experiments to compare their effects. I find that ammonium chloride 
is very slightly more favourable to the action of ptyalin than is sodium 
chloride; but the difference is so small that it is not apparent unless 
one is working with a dilute ferment and so a delayed achromic 
point. 

The lessened filhaion of the negative ions in invertin as compared 
to starch digestion is shown by the fact that they do not readily fall 
into groups according to valency*, The effect of the positive ions is so 
great in comparison that the valency of the anions becomes of minor 
importance. On the other hand the valency of the kation is now 
expressed in a rather peculiar way : for although the bases Mg(OH), and 
Ba(OH), are weaker than NaOH and KOH, yet the divalent ions Mg” 
and Ba” depress more than do Na and K ions, It isthus clear that the 
valency of the prepotent ion is of the greater importance, and it is 
strange that increasing valency of the ion gives either a greater 
depression or a diminished acceleration. } 

In Exp. II of this paper a comparison of the effects of the chloride, — 
sulphate and tartrate of ammonium shows that the acceleration increases 
with a decrease in the actinising powers of the negative ion, a result 
which, at first sight, might seem to invalidate my hypothesis. The 
explanation that naturally occurs lies in the fact that all salts that are 
electrolytically dissociated suffer hydrolysis at the same time. The 
amount of hydrolysis of a salt dissolved in water can be found by an 
application of the principle of Arrhenius, that when a salt MA is 


? Walker’s Introduction to Physical Chemistry, p. 277. London, 1899, 
* Loe. cit. p. 210, 
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dissolved in water-the product of ionic concentrations must be — on 
the two sides of the following equation 

| MA + HOH = MOH + HA. 

I cannot find the necessary data for the dissociation of all the ammonium 
salts I used, but I think we can fairly consider them as being dissociated 
to about the same amount. If this is so then the number of ions on the 
right side of the equation will be the same in every case. If the base 
MOH is more readily dissociated than the acid HA, then the number of M 
and OH ions will be in excess of H and A ions, and so the solution will 
react alkaline to litmus. An example of this is found with sodium 
acetate. But if the acid is more strongly dissociated than the base, 
then the H ions will be in excess of the OH ions. This is the case 
with a solution of AmCl. If we consider the case of the ammonium 
salt of a weaker acid, it is clear in the first place that the amount of 
hydrolysis will be increased: for to obtain the same tonic concentrations 
more of the acid and consequently of the base must be formed, a portion 
of both remaining undissociated. But now since the base and acid are 
more equal in respect of their relative amounts of dissociation, there will 
not be any large excess of H ions over OH ions. Thus with ammonium 
_ salts of different acids we can assume that the weaker the anion the 
less the number of H ions formed in excess of OH ions. 

Any excess of H ions over OH ions set free by hydrolytic dissociation 
of a salt will depress the action of the ferment very considerably, and it 
is therefore not difficult to imagine how ammonium tartrate can be 
more advantageous than ammonium chloride: for although the tartrate 
ion does not accelerate so much as the Cl ion, yet the excess of 
powerfully inhibiting H ions liberated by the hydrolysis of Am(Cl is 
sufficient to depress the action below that of the tartrate, where only a 
slight or no excess of H ions is liberated, ) 
Concerning the influence of acids on the action of invertin, 

O'Sullivan and Thompson! showed that in small amounts they are 
favourable. They further stated that the greater the amount of 
invertin used, the greater is the amount of acid necessary to give 
optimal activity, though the acid and the ferment do not stand in any 
simple proportion: and that the higher the temperature the less the 
amount of acid required. In an experiment performed at 15°5° C. they 
found that the strengths of sulphuric acid giving optimal activity with 
3 N N N 
15, 45 and 15 parts of invertin were 596° 969 and respectively. 

' O'Sullivan and Thompson. Journ. Chem. Soc, ivu. p. 926. 1890. 
RH. XXX, 19 
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My experiments have been entirely on the influence of hydrochloric 
acid. Since the acid in strong solutions has a considerable effect on. 
cane sugar, a series of control experiments with the acid alone were 
performed side by side with these on the acid and ferment. The effect 
of the ferment in presence of the acid was.obtained by the difference 
between the two results. I am well aware that this method is open to 
criticism, for it is clear that when the ferment is working in the 
presence of a strong acid, the amount of cane sugar is continuously being 
reduced by the action of the acid; but since the amount of sugar 
inverted by the ferment is independent of the concentration of the sugar, 
except when this gets very low’, no serious error should be introduced. 


Exp. Ill. The influence of HCl on invertin, Concentration of sugar, 21 per cent. 
Duration of experiment, 22 hours. Temperature, 38° 0. Ferment thoroughly a 
and well diluted. 


A 
Strength of acid Percentage Percentage Difference 
0 0 0 5-29 5-29 
0-0004 0 10-94 10°94 
0-0008 0-15 12°50 12°85 
0°0012 0°30 25°83 25-03 
0-016 0-70 84-29 88-52 
0-0024 1'6 62°55 60-95 
00032 2°57 76-92 7435 
0-0040 8-9 84-98 81-08 
0-0048 55 57°78 52-28 
0-0056 71 51:26 4416 
0-0064 9-02 36°69 27°67 
0-0081 13-0 29-64 16-64 
010100 194 82-21 1981 
0-0121. 28°83 0-28 
00162 44-7 0 


The results of this and several other sist experiments show 
that the action of invertin on cane sugar is enormously increased by 


1 A.J. Brown, Journ. Chem. Soc. uxxxu. p. 378. 1902, 
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the addition of small quantities of acid, and that larger amounts 
inhibit and finally destroy. the ferment. 

~ As in the case of ptyalin, the beneficial influence of the acid cannot 
be ascribed to a neutralising effect on the invertin. I have been able 
to prove this by the following experiment. A ferment solution was 
prepared and dialysed in the ordinary manner. It was then treated 


“with HCl so that the concentration of acid was \.. The resulting 


400 
solution was then thoroughly dialysed against several changes of distilled 
water. Having thus removed any traces of alkali that might have been 
present, I tried the effect of the addition of small amounts of acid on 
the inverting power of this ferment. 


Exp.IV. The influence of HCl on invertin, Concentration of cane sugar, 23°73 per cent. 
Ferment dialysed against HCl as described above. Time, 51 hours. Temperature, 39°5°C. 


A B 
Strength of acid Percentage Percentage _ Difference 
Mak by acid ‘and ferment 
0 0 4:96 
0002 0 16-07 16-07 
0004 4 20:24 19°50 
0006 1-44 41-60 40°16 
0008 an 2-08 53-09 51-01 
0012 3-24 59°58 56-84 
0016: 
0024 10:19 41:51 
0082 14-64 3668 2204 
0040 18-07 34:83 16-76 
0056 26°40 80°85 4-45 
0064 80°16 81-09 98 
0072 38-82 88-84 0 


The great increase in activity obtained in this experiment by the 


addition of HCl up to — clearly indicates that the ferment works 


3000 
better i in the presence of a small amount of re acid than in a neutral 
solution, 
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The explanation of the results is the same as in the case of ptyalin’: 
that the Cl ion accelerates more than the H ion depresses, but that as 
more acid is added the number of Cl ions reaches an optimum and the 
inhibiting action of the H ions is exerted until a final destruction of the 
ferment takes place. On this theory an increase in the amount of 
ferment should increase the optimal concentration of the acid, and that | 
this is the case is clear from the experiments of O’Sullivan and 
Thompson with sulphuric acid on undialysed invertin®, and from 
several that I have made with HCl on a dialysed ferment. This being 
so, it is impossible to give the optimal concentration of acid for invertin, 
for this optimum of acid varies with the amount of ferment taken. ~ 

In the case of invertin and ptyalin, it is clear that the Cl ion 
accelerates more than the H ion depresses, otherwise the acid could not 
increase the activity in any concentration: but with invertin the 
depression by the H ion is less than that by the Na ion and more than 
that of the NH, ion, whereas with ptyalin the depression is greatest 
for H and least for NH,*. 

I have tried the effect of mixtures of HCl and chlorides on the 
action of invertin, but the results have been very unexpected and 
difficult to interpret. Although I am unable to explain them at 
present, I place them on record in the hope that their solution 
will be clear when we have more accurate knowledge as to the number 
of free ions present in a solution containing an acid and a soluble salt. — 
In the following typical experiment I have arranged the figures 
_ (percentage inversion) in columns, for easy reference. 

I have made several observations on the influence of electrolytes on 
the action of emulsin on salicin, determining the amount of hydrolysis 
by the polarimeter. The results are so identical with those described in 
this Part, that I consider it unnecessary to give the figures. They 
afford a further ground for the main conclusion arrived at in this paper. 

The experiments I have quoted are sufficient, 1 think, to show that 
the influence of electrolytes on the action of invertin on cane sugar is — 
similar, though not identical, with their influence on ptyalin. In both 
cases a given set of ions has been found to accelerate or depress the 
action of the ferment, although the relative influence of antagonistic ion’ 
differs considerably. The results obtained appear to justify the 
important conclusion that electrolytes exert their effect by an 
influence on the ferment itself and not on the substrate; 


1 Part I, p. 212. ¢ Loc. cit. 
3 See Part I, p. 214, | 
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for it is in the highest degree improbable that the colloid starch and the 
crystalloid cane sugar would respond in almost exactly the same way to 
the addition of electrolytes. 


Exp. V. The influence of mixtures of HCl and chlorides on invertin. Concentration 


of cane sugar, 21°3 per cent. Concentration of salts, sar: Time, 16 hours. Tempera- 
ture, 38° 0. 
Without ‘salt or acid, 39°44 per cent. inversion. 


A B E F G 


of | Salt, acid Salt and 
alone | ferment | Salt and acid andferment| | ferment 


| o | 7982 | 2952 | | 75-91 | 75-40 | 60-8 
(-0024 p.c.) BaCl, | 0-31 | 7756 | 77°25 | 47°56 

Nach | 196 | 70-72 | 68-76 | 16°69 
sop HO! | 216 | 7226 | 7010 || NHI | 216 | 69-69 | 6753 | 60-68 


(004 p.c.) BaCl, | 2°06 | 68°04 | 65°98 | 47°56 


NaCl | 4:12 | 59-08 | 5496 | 16°69 
goo HO! 2°88 | 30°97 | 27-49 {| NHC | 412 | 84-69 | 90°57 | 60-68 
(006 p.c.) ; BaCl, | 391 | 40°89 | 36°98 | 47°56 
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THE PARALYSIS OF INVOLUNTARY MUSCLE, WITH 
SPECIAL REFERENCE TO THE OCCURRENCE 
OF PARADOXICAL CONTRACTION. Part I. Para- 
doxical Pupil-dilatation and other ocular phenomena caused 


— 


IV. 
VI 
Vil. 
IX. 


by lesions of the Cervical Sympathetic tract. 


. The coordination of the dilator and sphincter iridis 


By H. K. 


ANDERSON, M.D., Fellow of Gonville and Caius College, 
(Two in Text.) 


(From the Physiological 


CONTEN TS. 


Historical ‘ 

Paradoxical effects after of a or 
of its branches . 

Paradoxical effects after of the on one 
side and section of the cervical sympathetic nerve upon the other side . 

Paradoxical effects after section of a cervical sympathetic nerve alone 

Persistence of paradoxical effects after eae of the cut post- 
ganglionic branches . 

Effect of light, eserine, atropine, upon paradoricl pep 
dilatation . 

Discussion of the cause of the 


The question of inhibitory fibres for the dilatator in the celeste: nerve 
Summary and Conclusions ‘ 


SEcTION of the cervical sympathetic causes constriction of the pupil, and 
simultaneous removal of the superior cervical ganglion on the other side 
causes slightly greater constriction, as first shown by Budge’, but in 
certain circumstances the pupil on the side without the ganglion 
becomes larger than the pupil on the side with the nerve alone cut.- 
This greater dilatation on the more paralysed side has been called 


paradoxical pupil-dilatation by Langendorff*. 


Moreover if only a 


' superior cervical ganglion be excised the pupil on the paralysed side 


1 Budge. Ueber die Bewegung der Iris. Braunschweig, 1855, p. 125. 
* Langendorff. Klin. Monat. f. Augenh. xxxvmt. p, 183. 1900. 
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may nevertheless. become larger in certain circumstances than the 
normal pupil. This is also spoken of as paradoxical dilatation. 

It will be convenient to extend the term to include some other cases 
in which after section of nerves having a tonic motor effect a greater 
contraction than normal is obtained. Such greater contraction may be 
called a paradoxical effect. 7 

Historical. 

Budge’ first called attention to the occurrence of paradoxical pupil- 
dilatation in 1855. After section of the left sympathetic nerve and of 
the branches above the right superior cervical ganglion in a young 
rabbit he found the right pupil smaller than the left half-an-hour later, 
but after 24 hours the two pupils were equal, and after 48 hours the 
right pupil was larger. In adult rabbits 24 hours after .a similar 
operation he found the pupil larger on the side without a ganglion. 

Schiff? observed paradoxical dilatation after previous section of a 
sympathetic nerve in dog, cat, and rabbit, and also after removal of a 
superior cervical ganglion in rabbits. In both cases he connected the 
phenomenon with the oxygenation of the blood after previous asphyxia- 
tion. He also showed that the paradoxical dilatation which he observed 
in animals under curari after previous section of a sympathetic nerve 
was caused by variations of the artificial respiration. 

Surminsky* and Tuwin‘ observed paradoxical dilatation after the 
application of atropine. 

Kowalewsky® after section of the left sympathetic nerve and 
excision of the right superior cervical ganglion in a kitten 3 months old 
found the pupils equal immediately after the operation, but on the 
following day the right pupil was the larger and the right nictitating 
membrane was less prominent. Eleven days after the operation the two 
pupils were of equal size and the nictitating membranes protruded 
equally, but on the 12th day, after the administration of chloroform, the 
right pupil became much larger than the left, the right eyelids were 
more widely parted, and the right nictitating membrane further 
retracted. 

1 Budge. Loc. cit. p. 125. 

2 Schiff. Giorn, di Scienz. Nat. ed Econ. rv. Beitriige, Ba. 
p- 107. Lausanne, 1896. 

Surminsky. Zeit. f. rat. Mea. Xxxvi. p..231,. 1869. 

* Tuwin. Pfliiger’s Archiv, p. 127. 

5 Kowalewsky. Arch. Slav. de Biol. 1. p. 592. 1886. | 
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Braunstein’ immediately after a similar double operation in cats 
observed greater paralysis in the several structures of the eye on the side 
without the ganglion: later he found the paralysis generally the same 
on the two sides, but once the pupil was observed to be larger on the 
side without a ganglion. After the injection of curari he found that 
the pupil dilated on the side without a ganglion, while the pupil on > 
the side with the sympathetic only cut remained unchanged. 

Langendorff? has further investigated these phenomena, removing 
the superior cervical ganglion (1) with or (2) without section of the 
opposite sympathetic nerve. In the first series of experiments the signs 
of paralysis in the eye were more pronounced at first on the side without 
a ganglion, but next day and subsequently a reversal of this difference 
was generally observed; in the second series, however, the signs of 
paralysis were permanent on the side without the ganglion under 
normal conditions. In both series a pronounced paradoxical contrast 
- between the two eyes was evoked by anesthetics, the eyeball also 
bulging more on the side without a ganglion. Paradoxical pupil- 
- dilatation was also very obvious after death. 

Lewandowsky? also called attention to these paradoxical effects, 
and showed that they could be produced by dyspncea. Paradoxical 

pupil-dilatation has also been noticed by Tuckett‘, Langley’, 

Levinsohn®, and others, 

The theories which have been advanced to explain these paradoxical 
effects I shall ways after giving an account of my own results. 


I. Paradoaical effects ufter removal of the superior cervical 
ganglion or section of its branches. 


It seemed of some interest in the first place to determine whether 
the paradoxical effects occurred in very young animals, and if so how 
soon they appeared, and how long they lasted. I have made several 
experiments on kittens 10 to 12 days old: in four the internal carotid 
branches were cut, in others a superior cervical ganglion was excised. 


1 Braunstein. Zur Lehre v. d. Innervation der Pupillenbewegung. Wiesbaden, 1894, 
pp. 83, 100, 101. 

2 Langendorff. Loc. cit. 1900, p. 129. 

* Lewandowsky. Sitz. d. k. preuss. Ak. d. Wiss. zu Berlin, 1900, p. 1136, 

‘ Tuckett. This Journal, xrx. p. 295. 

5 Langley. This Journal, xxvn. p. 244. 
* Levinsohn. Arch. f. Ophthal. tv. p. 153. 
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These and all other operations involved in my experiments were 
performed under anesthesia and strict antiseptic precautions. 

The paralysis produced in the structures of the eye was much less 
than that produced in adult animals by similar lesions, Immediately 
after the operation the paralysis was only slight; a week later it was 
still less. It was, however, permanent, In Exp. 1, p. 294, the kitten was 
12 days old at the time of the operation and was kept for 384 days 
afterwards: all the usual signs of section of the sympathetic were then _ 
still present though only in a slight degree. 

In the kitten therefore there is usually after this lesion no - para- 
-doxical effect in the ordinary quiet state of the animal. I am not quite 
certain that it never occurs in this state: at times when the animal 
was apparently peaceful the pupil on the side of the operation was 
slightly the larger, but in view of the ease with which paradoxical effects 
can be obtained in young kittens by excitement it is not unlikely that 
the stimulus caused by holding the kitten was responsible for the greater 
size of the pupil on the side of the lesion. I give in Exp. 1, on the 
20th day an instance in which paradoxical pupil-dilatation occurred in 
dim light in a kitten which though held in the hand remained quiet 
during the period of observation. Paradoxical dilatation was readily 
produced by excitement in young kittens for about six weeks after the 
operation: it often occurred on merely picking the kitten up, it always 

‘occurred if the kitten was restless and struggled. If a finger was 
' placed in the kitten’s mouth for it to bite, the paradoxical dilatation a 
short time afterwards was very pronounced, the nictitating membrane on 
the side of the lesion was also retracted, and the eyelids separated widely, 
whilst on the sound side the membrane protruded, the eyelids came 
closer together, and the pupil became slightly smaller than before. This 
procedure, therefore, induced a loss of sympathetic tone on the sound 
side and an increase on the side of the lesion. Marked paradoxical 
dilatation was caused in this way on the day following the removal of a 
superior cervical ganglion but not earlier. 

As the kittens grew older these paradoxical effects were less and less _ 
readily obtained, and after the kittens were two months old they were 
either, not evoked under the conditions described above or werc only 
seen momentarily when the cat or kitten made a sudden etfort during an 
observation, ¢.g. when it attempted to spring out of an attendant’s arms. 
Cf. Exp. 1, below. 

All the conditions which have been described by other observers as 
causing paradoxical effects in cats or rabbits have a very pronounced 
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effect in the case of kittens. These are dyspnea, deep anesthesia, death. 
The effect of slight dyspnoea is greater in kittens than in cats, but I do 
not find that the maximal effects produced by deep anesthesia or death 
are less in the adult than in young animals. The protocol of Exp. 1 is 
an example of the results obtained 394 days after removal of the 
superior cervical ganglion. The effects were, however, as marked 
though not more marked in another similar — 12 days after 
the operation. 


Exp. 1. Kitten. 12 days old. Right sup. cerv. ganglion excised. 
Next day. R. pupil somewhat smaller, r. eyelids closer togetner, r. nictitating membrane 
prolapsed. 
10th ,, ‘BR. eyelids very slightly closer together, r. nictitating membrane now scarcely 
| prolapses : both pupils equal in rather dim light if the kitten is quiet, but 
right pupil much the larger if the kitten is restless. 
20th ,, Kitten quiet, but held in hand. 

R. pupil slightly smaller than left in bright light, but larger than left in very 
dim light: right pupil much larger even in bright light than left if kitten is 
restless, These observations were confirmed on 23rd, 32nd, 38th and 
45th days. 

prolapses very slightly: 1. eyelids only slightly wider apart. . 
304th ,,  R. pupil obser.cd momentarily to become larger than left if animal makes 
| sudden effort, otherwise r. pupil smaller than left in all changes of illu- 
mination. | 
833rd_ ,, pupil the smaller, 
1.10. 1°), atropin applied locally to eyes. 
1.40. Both pupils very large but r. pupil slightly the smaller. | 
294th ,,  R. pupil smaller, r. nictitating membrane prolapses slightly at times, — 
r. eyelids closer together. 

Ether administered: under deep anesthesia, the right pupil was almost 
maximal, the r. nictitating membrane not seen, the right eyelids widely 
parted, the right ear pale and cold: the left pupil at the same time was 
small, the left n. membrane protruded over the eye, the 1. eyelids were 
closed, and the left ear hot and flushed. R. symp. stimulated gives no 
effect. After death, even next day, the right pupil remained considerably 
larger than the left. 


_ The ‘ paradoxical’ effect in the vessels will be discussed in a later 
paper, but it is convenient to mention them in this experiment. 


Il. Paradosical effects after removal of the superior cervical ganglion 
side. 


Budge had, that paradoxical dilatation 
soon occurred when the superior cervical ganglion had been excised on 
one side and the sympathetic nerve cut on the other. (Exp. 2.) 
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rabbit, however, is ill-suited for these observations ; owing to the position 
of its eyes it is impossible to observe the pupils simultaneously under 
the same illumination as in the cat; moreover, a rabbit is readily 
excited by handling it, and the observations made upon it are thereby 
vitiated. The most certain method of determining the size of the pupils 
in the rabbit is by simultaneous measurements of the width of the pupils 
taken by two observers with compasses held close to the eye; but this 
method excites the rabbit even more than direct observation. — 


Exe. 2. Rabbit. Right sup. cerv. ganglion excised, large piece of left cerv. symp. 
herve removed. 


8rd day. 3B. pupil much larger than left : right ear distinetly the cooler and paler. 


8th ,, RB. pupil slightly the larger: right ear much the paler. 
20th ,, The same, and on the 25th, 39th, 79th days. | 
99th ,, RB. pupil slightly the larger: after local application of atropine r. pupil still 
slightly the larger. 


166th ,, 2B. pupil the larger: after local application of -5°/, eserine r. pupil remains 
the larger, though both pupils an hour after the application had become 
very small. 


Again, in a very young kitten I observed paradoxical dilatation on 
the several occasions on which I examined the eyes soon after this 
operation, but in this experiment again I am unable to exclude the 
possibility that the paradoxical effect was caused by the excitement. 
attendant on the examination of the eyes. : 


Exe. 8. Kitten. 8 days old. R. sup. cerv. gangl. removed; 1. cerv. symp. n. cut. 
Next day. R. pupil slightly the larger. 
,, The same, also on the 7th, 16th, 18th days. 


_ After this double operation Langendorff has generally observed 
paradoxical dilatation, but Braunstein and Kowalewsky observed it 
only on some occasions. I have myself noticed the paradoxical effect 
even when the cat was quiet, but on keeping the cat quiet for about half- 
an-hour the paradoxical effect generally disappeared as in Exp. 4. In 
another similar experiment the paradoxical effect was absent even 
without these precautions on the third and seventh days after the 
operation, when the cat was quiet, though present on the day following 
the operation, In another cat, however, the paradoxical effect continued 
oven when the cat had been kept quiet as in Exp. 4. | 


Exe. 4. Adult cat. R. sup. cerv. ganglion excised, left cerv. symp. n. cut ; after the 
operation R. pupil smaller than left. 
Next day. R. pupil distinctly the larger, r. eyelids wider apart, and r. nictitating 
membrane not vo much prolapaed left. 
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Slightly greater sympathetic paralysis in pupil, eyelids, and nictitating 
membrane of right side if the cat is kept quite quiet for about 20 minutes, 
but a reversal of this effect if the cat is restless. 


The game, also on the 7th, 10th, 19th days. When the right pupil was 


slightly the smaller it remained so in dim and bright light, or it remained 
the larger when it was slightly the larger. I never observed any reversal 
of the difference in passing from dim to bright light or vice versd. 
Slightly greater paralysis in right eye, but right ear the colder. 
1.58. Ether. 
2.20. Remove left ganglion: slight paradoxical effect in right pupil, 
close trachea 50”, great accentuation of paradoxical effect. 
2.25. Deepen chloroform narcosis; no accentuation of paradoxical effect 
until respiration becomes slow and shallow, then great accentua- 
tion accompanied however by some increase of tone in the 
dilatator eyelids and nictitating membrane of the left side. 
2.35. Deepen anesthesia again; at first decrease of paradoxical effect 
on right side, then increase as soon as respiration is impaired. 


IV. Paradowical pupil-dilatation after section of the cervical — 


sympathetic nerve on one side. 


This form of paradoxical dilatation has not been noticed by most 
observers although it was first observed by Petit in 1777’, and again 
by Schiff in the observations described on p. 291. I give below 
protocols of experiments in which it was observed. The paradoxical 
effect was obtained with less ease and was less pronounced than it would 
have been after the removal of a superior cervical ganglion. 


Exe. 5. Kitten. 9daysold. R. c. symp. cut low in the neck, and the lower portion 
drawn upwards and sewn into the skin of the upper part of the neck to prevent regene- 


58th day. 


Right pupil much smaller than left.in bright light, but both pupils equal in 
dimmer light though they are only dilated to ? their full size. Ifa cork is 
placed in the kitten’s mouth for it to bite the right pupil becomes 
considerably larger than the left. 


- Same result obtained, also on the 79th day. 


Ether given. Right pupil remained much smaller than the left so long as 
the anzsthesia was slight, but as soon as the anmsthesia became deep the 
right pupil dilated much more rapidly than the left and a pronounced 
paradoxical effect was observed, but the pupil on the side of the lesion 
never dilated to maximal size under deep anzsthesia as it always did under = 
similar conditions when the lesion was the removal of the superior cervical 
ganglion instead of section of the sympathetic nerve. 

Immediately after death by bleeding (the 1. symp. n. remaining still uncut) 
the left pupil was larger than the right: 5 mins, later the two pupils were 
equal, but 5 mins. later again the right pupil was larger than the left. An 
hour after death the right pupil was distinctly the larger; 14 hours later 
the pupils retained the same relative size, although both were smaller, and 
the same relation continued next day. 


1 Petit, quoted from Budge, loc. cit. p. 126. 
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Exp. 6. Kitten. 9 days old. RB. c. symp. n. cut and lower end of peripheral nerve 
reflected and sewn into skin. 
58th, 79th days, similar results as in last experiment. 
140th day. 2.8. Chloroform given. R. pupil smaller than left. 

3.0. RB. pupil smaller than left. ; 

3.11. Deeper anesthesia. 

8.13. RK. pupil larger than left. 

3.15. Anmsthesia lighter, pupils equal. 

5.15. RB. pupil slightly larger than left, r. nictitating membrane protrudes 

less than the left. 

5.23. Close air tube, 

5.25. B. pupil considerably wider than left: right eyelids open quickly when 
closed by hand, left remain open: right nictitating membrane further 
retracted and springs back if pulled out, left i sate membrane 
returns slowly if drawn out. — 


_ Exp. 7. Adult cat, BR. . symp. cut and peripheral end sewn into skin. 
47th day. RR. pupil the smaller: no paradoxical effect on slight dyspnea. 
198rd_,, ‘BR. pupil the smaller: slight dyspnea caused paradoxical effect. 


A pronounced paradoxical effect was also observed after death in 
another cat in which the cervical sympathetic nerve had been cut six 
months previously, but notin another case in which the nerve had only been 
cut ten days. Dr Langley has also given me notes of another experi- © 
ment in which he found the pupil smaller after death on the side upon 
which he had cut. the sympathetic seven days previously. This form of 
dilatation is therefore much slower to appear. Tuwin'’, however, — 
observed a paradoxical effect in a rabbit in which he had cut this nerve 
only five days previously. This effect was seen when curari was given 
after local application of atropine to the eyes. __ 


V. The persistence of paradowical pupil-dilatation after regeneration 
of the cut post-ganghonic fibres. 


The following experiment shows - that paradoxical pupil-dilatation 
continued after fairly complete regéneration of the cut internal carotid 
branches of the superior cervical ganglion. 


Exe. 8. Adult cat. Int. carotid branches of 1.8. ganglion cut. 

The pupils of this cat were frequently examined during the 866 days it was kept. The 
left pupil was generally the smaller, but on several occasions the pupils were equal or the 
left even larger than the right. This latter condition was seen if the cat was excited, 
e.g. by removal from its cage. Slight dyspnoea (caused by pressure on the trachea for a 
few seconds) led to pronounced paradoxical dilatation, which sometimes lasted for a 
minute or more after the dyspnoea ceased. 


Tuwin, Pfhliiger’s Archiv, xx1v. p. 128, 1881. 
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866th day. LL. pupil the smaller, 1. nictitating membrane prolapsed slightly, 1. eyelids 
closer together. Slight dyspnoa causes 1. pupil to tne larger. 

1,48. Ether given. 

1.46. Light anesthesia, 1. pupil the smaller. 

Ether and chloroform given in equal parts: both sympathetic nerves cut and 
tied. c=9. Stimulation gives good (? equally good) effect both sides. 

Anwsthesia deepened, 1, pupil now much larger, 1. eyelids wider apart, 1. nicti- 
tating membrane more retracted. 

Anesthesia lighter, 1. pupil slightly the smaller. 

Anesthesia deeper, 1. pupil the larger. 

This reversal was effected four times: the right pupil, spn was 
enlarged the more rapidly at first when the anmsthesia was pressed, then the 
left suddenly dilated so rapidly that it soon became the larger. 

2.58. Anssthesia lighter, 1. pupil larger than right as in fig. 1a. 

3.5. ° Ether given, r. pupil enlarges more rapidly than left till it becomes equal, then 
larger than the left. Then the left pupil dilated very rapidly till the pupils 
were as in fig, 1D. 

8.14, Cease giving ether, 

3.20. Pupils as in fig. 1c. 

8.32. Pupils as in fig. 1d. 


. 4.19. Both sup. cerv. ganglia removed. 
4.22. Pupils both very small, ? =e, fig. le. 
4.23. Chloroform given. 

4,26. Cease giving chloroform. 
4.27. Pupils as in fig. 1 f, 
4.30. Pupils as in fig. 1 g, both pupils very sonal, ? 1, slightly saatiads 
4.36. After slight dyspnea pupils as in fig. 1h. L. much the larger. 
4.88. Pupils both small again. L. only very slightly the larger. 
4.43. Left eyelids much wider apart; 1. eyelids separate quickly if closed, the right 
do not. 
5.20. After death, both pupils maximal. 
| Next morning, both pupils large, ? 0 difference. 


R 


a Cc 


Fig. 1. 
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VI. Effect of light, eserine, atropine, anesthetics; wpon paradowical — 
pupil-dilatation. 

Tight. After removal of a superior cervical ganglion paradoxical 
dilatation is not necessarily or generally caused by diminishing the light 
as far as is consistent with the observation of the pupils. This is the 
case whether the control sympathetic nerve has been cut or not, cf. 
Exps. 4 and 13. 

In some exceptional cases I have found that the reduction of the 
light has led to a paradoxical effect even when the control sympathetic 
was intact. These cases will be discussed later. : 

Atropine. As Surminsky’ first showed atropine does. not abolish 
the paradoxical dilatation in rabbits after removal of the ganglion on one 
side, and section of the sympathetic on the other side, cf. also Exp. 2; 
on the other hand atropine does not evoke a paradoxical effect if it is 
not present (Langendorff*); cf. also Exp.1. If a kitten is excited, 
however, after the application of atropine a paradoxical effect may be 
produced. 

Eserine. In a young kitten or rabbit I have seen after the local 
application of eserine to the eyes an almost maximal pupil on the side 
without a superior cervical ganglion and an almost minimal pupil at the 
same time on the sound side. 


Exp. 9. Kitten. 11 days old. Carotid branches of left s. c. ganglion cut. 
1th day. L. pupil of same size as right in dim light unless kitten is restless, when the 
left pupil becomes considerably the larger. 
2.22. 1°), eserine applied to both eyes equally. 
- 8.20. BR. pupil very small, left nearly maximal: the kistes is very restless. 


In other similar experiments, however, no paradoxical effect was 
seen after the local application of eserine so long as the kitten was quiet. 


Exp, 10. Kitten. 12 daysold. Rights. c. ganglion excised. 
32nd day. R. pupil smaller than left in bright light but considerably larger if kitten is 
restless, 
4.55. J, eserine applied to eyes. 
5.20. RB. pupil slightly the smaller in bright light, but much the larger if kitten is 
restless. The paradoxical effect is more easily produced in dim light than in 
strong. 


' The application of eserine does not abolish the paradoxical effect 
when present; cf. Exp. 2. 


§Surminsky. Loe. cit. p. 281. 
* Langendorff. Loc. cit. p. 147. 
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- Levinsohn’ has observed paradoxical pupil-dilatation after the 
local application of eserine to the eyes of monkeys from which a 
superior cervical ganglion had been removed some time previously. 
This he attributes to a weakened response of the sphincter on the injured 
side to eserine. He found, however, the attempt to apply the eserine so 
excited the monkeys that in most cases he gave an anesthetic first. In 
the light of my observations given above I must attribute the para- 
doxical effects in Levinsohn’s monkeys as in my own, not to the eserine 
but to the attendant excitement; or to the anesthesia which Levinsohn 
himself recognises as a possible vitiating factor in his experiments. 

Anesthesia. The mode of action of anzsthesia in producing 

_ paradoxical effects will be discussed later. The following observations 
show, however, that paradoxical effects do not necessarily occur even 
under complete anesthesia till changes ensue in the respiratory and 
vascular systems, The first effect of increasing the anzsthesia may be 
the diminution of a paradoxical effect if present or even of its dis- 
appearance; cf: Exp. 4 and 8, and Exp. 11 below. I have also fre- 
quently observed that though paradoxical effects did not occur even 
under complete anesthesia at the commencement of an experiment they 
were constantly present under much lighter anesthesia, when the 
animal’s condition had become impaired towards the close of the 
experiment. 
Exp. 11. Cat. Left sup. cerv. ganglion removed 4 days previously, Chloroform, 
then chloroform and ether in equal parts. 

2.12. R. cerv. symp. nerve cut. ee 

Both pupils small, both nictitating membranes protrude over eyes, eyelids on 
both sides flaccid, both ears flushed but left less than right. 

2.17. Anssthesia deepened, paralysis increased on left side till dyspnoea began, then 
with onset of exaggerated breathing marked paradoxical effects occurred in 
eye and ear. 

2.45. Anmsthesia deepened, considerable fall of blood-pressure, no paradoxical effect, 
but paralysis rather increased on left side, no exaggerated breath'ng. Re- 

| peated with same result. : 

- 8.7. Pronounced paradoxical effects after closing tracheal tube for 30”, 40”, 30’ 

respectively, with rise of blood-pressure each time. . 

3.28. Deeper anwsthesia, at first increased signs of paralysis on left side, then with 
onset of dyspnea and convulsions, most pronounced paradoxical effects in 
eye and ear, and rapid rise of blood-pressure. 

4.32. Clamped 1. carotid 80”, no paradoxical effect on 1. pupil. 

(5.23, Air tube attached to vessel containing air with high percentage of CO,, rapid 
onset of marked paradoxical effects. 


6.15. The onset of paradoxical effects has been found to coincide with the change of 
colour in the blood of the carotid after closure of the air tube. 


1 Levinsohn, Archiv f, Ophthal. iv. p. 153. 


3 
w 
ofa 
Vg 
at 
AM 
& 
4 
He 
By, 
“i 
a 


CERVICAL SYMPATHETIC AND GANGLION. 301 


. The paradoxical effects in this and similar experiments did not 
necessarily occur even with a fall of 35 mm. Hg. in the blood-pressure ; 
on the other hand, they were often pronounced with a raised blood- 


pressure, but were also seen with a very low blood-pressure. They 


therefore occurred independently of the changes in blood-pressure. 


VII. Discussion of views about causation of paradosaical effects. 


Having thus given an account of the conditions under which 
paradoxical effects are obtained I will now discuss the views which have 
been held with regard to their causation. 

Budge’ attributes paradoxical pupil-dilatation to a change in the 
relative strength of the two sphincters: he argues that the sphincter 
is weakened in proportion as the opposing dilatator is paralysed, and 
that the sphincter becomes relatively weaker on the side without a 
ganglion than on the side with the sympathetic cut, because the more 
distal lesion removes from the dilatator the motor impulses from his 
“upper spinal centre,” which the section of the nerve does not. 

Tuwin® for the most part supports this view, but substitutes the 
superior cervical ganglion for Budge’s upper spinal centre; and 
Levinsohn® has recently adopted it to explain his results with eserine 
discussed above. 

Braunstein‘ also refers the paradoxical effect to a diminished tone 
of the sphincter on the paralysed side, but accounts for this differently. 
He contends that paralysis of the dilatator leads to an increased activity 
of centres in the cerebral cortex which inhibit the tone of the opposing — 
sphincter, and that the increased activity of these centres may cause a 
relaxation of the sphincter more than sufficient to compensate for the 
diminished dilatation caused by the paralysis of the dilatator. 

Other observers, on the other hand, attribute the phenomenon to a 
relative difference in the tone of the two dilatators Kowalewsky* 
suggests that the ganglion exercises both an excitatory and inhibitory 
influence upon the dilatator, and that after section of the cervical 
sympathetic the inhibitory influence prevails. When therefore the 
ganglion is removed on one side and the sympathetic cut on the other 


1 Budge. Loc. cit. p. 126. 

2 Tuwin. Pfliiger’s Archiv, xxtv. p. 180. 1881. 
Levinsohn. Archiv f. Ophth. tv. p. 1538. 

4 Braunstein. Loc. cit., p. 139. 

Kowalewsky. Archives Slav. p. 598. 1881. 
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the dilatator i is inhibited on the side with a ganglion, and hence the 
pupil becomes larger on the side without a ganglion. 

Finally, Surminsky’ refers paradoxical pupil-dilatation to con- 
tracture of unstriped muscle consequent upon section of its motor nerves ; 
and Langendorff? has recently advocated the same view, but attributes 
the dilatation to contracture of a dilatator, whereas Surminsky had 
attributed it to contracture of the vessels of the iris. 

All these views are based on the assumption that soon after the 


_removal of the ganglion on one side and section of the sympathetic nerve _ 


on the other the pupil always becomes larger on the side without the 
ganglion. I have, however, described above experiments which show 
that this is by no means invariably the case if sufficient care be taken to 
examine the cat when it is quite quiet. My observations therefore fail 
to support the main basis of the previous views. They are for the same 
reason opposed to the view that the removal of the ganglion weakens 
the sphincter by cutting off from it trophic impulses passing by way 
of the ganglion. My experiments with eserine also negative this or any 
other view which explains the phenomenon by referring it to weakness 
of the sphincter on the side without the ganglion, since they show 
that the pupil is smaller on this side after the application of eserine if 
the cat or kitten is quiet. 

Moreover, none of these views by themselves account for the 
onset of the paradoxical effects in the pupil and other ocular structures 
under certain conditions in the cat, e.g. anzesthesia, dyspnoea, death, nor 
for the great accentuation of the paradoxical effects in deep anzsthesia. 

All these conditions relax the tone of the sphincters, and should 
therefore tend to diminish the paradoxical effect on Budge’s view, not 
increase it. Moreover atropine - does not abolish the paradoxical 
dilatation. 

The phenomenon also cannot be due to inhibitory centres in the cor- 
tex as Braunstéin suggests, since it occurs after removal of the cerebral 
hemispheres, or section of the 3rd nerves, and also after death. For this 
- reason also it cannot be due to any unequal influence exercised on we 
two dilatators through the 3rd nerves. 

Langendorff*, on the’ other hand, states that “all means which 
abolish or paralyse the tone of the oculomotor fibres governing’ the 
sphincter allow contracture of the radial fibres to become manifest” but 


1 Surminsky. Zeit. fiir rat, Med. xxxvi, p, 236. 1869. 
* Langendorff. Klin. Monat. f. Augenh. xxxvmi. p, 155. 1900. 
> Langendorff. Loc. cit., p. 156. 
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does not discuss how this can be effected. He also says that atropine must 
have some other action than paralysing these fibres since atropine does not. 
reveal this contracture. I have, however, shown above that even great 
relaxation of the sphincters in dim light does not necessarily cause the 
onset of paradoxical dilatation, and that this paradoxical effect may on 
the contrary be most pronounced when the sphincters are caused to contract 
strongly in bright light or with eserine; cf. Exps.2,9,10. Langendorff’s 
statement therefore is insufficient to account for the accentuation of the 
paradoxical effect by anzesthesia. 

Further, the accentuation cannot be satisfactorily explained on 
Kowalewsky’s view. There are in the first place grave initial objections 
to this view beside that already given. (1), the stimulation of the 
decentralised ganglion always gives rise to increased contraction of the 
dilatator, never to inhibition, whether the sympathetic has been cut for — 
a long or short time, and its subsequent removal to an immediate loss 
of tone in the dilatator. These observations therefore indicate a tonic 
and not an inhibitory influence of the decentralised ganglion. Moreover, 
(2) on this view by itself the increased paradoxical effects under anzs- 
thesia must be attributed to an increased inhibition of the dilatator 
owing to the action of the anesthetic upon the ganglion. This, however, 
cannot be the case, since I have shown above, Exps. 4 and 8, that the same 
accentuation of the paradoxical effect occurred with deepened anzesthesia 
after the control ganglion had been removed. 

It would therefore be necessary to modify this view and to hold that 
anesthesia stimulated inhibitory fibres or nerve endings for the dilatator. 
This is very improbable in itself, and cannot be the cause of the pro- 
nounced paradoxical dilatation seen 24 or more hours after death, yet 
there is no reason to suppose that this effect after death depends on a 
different cause. Moreover, deep anzsthesia causes an increase and not a 
' decrease of tone on the side upon which the oa eo has been cut. 
Exps, 5, 6, 7. 

The pronounced paradoxical dilatation observed in bright light or 
after the application of eserine shows that the phenomenon must be 
due to an actual increase of contraction in the paralysed dilatator when 
a ganglion is removed, and that this increase may be considerable, since 
in Exp. 9 it was sufficient to overcome completely the antag contraction — 
of the sphincter. 

It is also well to remember in this connection the paradoxical 
retraction of the nictitating membrane, bulging of the eye, and separation 
of the eyelids, since these phenomena are presumably due to a similar 
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cause. The unstriped muscles concerned in these movements are 
opposed by striped antagonists, viz. the extrinsic muscles of the eye and 
the orbicularis palpebrarum. These paradoxical effects occur, however, 
under similar conditions: they are not present in the ordinary quiet — 
condition of the cat, but occur if the cat is excited, dyspneic, anesthe- 
tised. In these structures, therefore, there is evidence of an actual 
increase in the contraction of the muscles on the side without a ganglion. 
The nictitating membrane on this side is not only retracted out of sight 
as the anesthesia. is deepened, but springs back at once when pulled 
out; the eyelids also separate quickly when the fingers holding them 
together are removed, though at the same time on the sound side the 
nictitating membrane remains prolapsed over the eye, and the eyelids 
are flaccid and make no attempt to open. 

My observations therefore support the view of Lewandowsky' that 
the phenomena are due to an increased excitability of the contractile tissues _ 
which have been freed from the ganglion. This view Lewandowsky 
bases on the following observations: (1), when the ganglion is excised 
in a cat or the sympathetic cut the dilatator for a time exhibits no 
excitability towards dyspneea, though previously it had; (2) excitability 
returns after a time in both cases, but returns more quickly after the 
removal of the ganglion, and in this case may soon become greater 
than normal. 

Langendorff? rejects the view that the paradoxical effects are due 
_ to unequal stimulation of the respective dilatators by anesthesia, because 
he has observed the phenomenon after giving chloral, a drug which 
causes loss of tone in unstriped muscles. I have, however, given reasons 
_ for supposing that the anesthesia does not stimulate the muscles directly 
_ but indirectly by the dyspneea it causes. 

Lewandowsky however attributes the greater excitability of the 
contractile tissues on the side without +a ganglion to the loss of an 
inhibitory influence exercised by the ganglion over their automatic 
excitability. On the other hand he has himself observed greater 
automatic excitability than normal in these structures after section of 
the cervical sympathetic nerve alone, and my experiments 5, 6, and 7 
confirm this. In this latter case therefore the ganglion when freed from — 
_ the central nervous system may be said to exercise an augmentor not 
an inhibitory effect on the automatic excitability of the dilatator and 
unstriped muscles moving the eyelids and nictitating membrane. | 


'Lewandowsky. Sits. d. Akad. zu Berlin, 1900, p. 1188. 
* Langendorff. Loe. cit., p. 149. 
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The problem, moreover, is further complicated by the observation, 
Exp. 8, that the abnormal excitability of the paralysed muscles does 
not disappear even after fairly complete regeneration of the post- 
ganglionic fibres of the ganglion. 

Lastly Schiff accounts for paradoxical dilatation by referring it to 
unequal excitability of the sympathetic negve-endings on the two sides. 
He says that the excitability of the endings of a nerve persists for a 
long time after the section and degeneration of the nerve and that it 
increases for some time after the section. He also advances observa- 
tions in support of his view that the nerve-endings are stimulated by 
oxygenation of the blood after they have become accustomed to a certain 
extent to venous blood by previous asphyxiation. It has been shown 
above, however, that the paradoxical effects may occur even more than 
a year after the ganglion has been removed and that they may be 
observed not only during dyspneea but also for long after death. 

It will, however, be well to defer further discussion of the cause of 
the phenomena until an account has been given of the behaviour of 
the sphincter and other involuntary muscles when they are paralysed. 


VII. The coordination of the sphincter and dilatator iridis. 


Generally after the removal of a superior cervical ganglion the pupil 
in the quiet condition of the cat is smaller than the normal pupil in dim 
or bright light, but the difference between the pupils in dim light or after 
atropine is slight, whereas in brighter light or under eserine the normal 
pupil may be three times the size of the pupH on the side without a 
ganglion ; cf. Fig. 2, a, b. 
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Sometimes, however, tle withdrawal of light causes a reversal of the 


_ difference between the pupils, the pupil on the injured side becoming 
larger in dim light though it had been smaller in bright light ; ef. sin wm 


c,d, Exp. 12. 


Exp, 12. Adult i Left sup. cerv. ganglion removed. 
238th day. 1. vagus ganglion removed. ene 
239th ,, In dim light, 1. pupil larger than the right: in bright light left pupil siakthce 
. than right. Observation repeated on 242nd and two following days. 


This reversal was rarely seen in adult cats, but was not infrequently 
seen in kittens with the same lesion if the kittens were taken up in the 
hand and removed from bright to dim light; cf. Exp. 1; but when the 
eyes of the kitten were observed (without touching it) at the back 
of a dim cage this reversal was not seen; cf. Exp. 13. The cause of 
the more frequent occurrence of this reversal in kittens will be discussed — 
later. 


‘Exp. 13. Kitten. 12 days old. Left sup. cerv. ganglion removed. 
4th day. L. pupil always slightly larger than right; kitten held in hand. 
%th ,, Kitten observed in dim light at back of cage, pupils equal: in bright light 
1, pupil smaller than right if kitten not touched. | 
2ist ,,  L. pupil equal to right in dim light, but not larger unless kitten is picked up. 


The mere diminution of the difference between the pupils in dim 
light might possibly be attributed to the relaxation of the sphincters alone. 
This would allow the dilatators to retract freely, and would therefore 
diminish their influence in determining the relative size of the pupils, 
and both pupils would become equal when the sphincters were fully 
relaxed, and similarly in extreme contraction of the sphincters the 
pupils would become equal slits, the dilatators being overpowered. 

The reversal of the difference between the pupils cannot, however, 
be explained in this way. This must denote that the normal dilatator 
contracts more strongly in bright light than in dim, while the contraction 
of the paralysed dilatator remains relatively or absolutely unchanged 
by the variations of light. 

The reason of the incunstant occurrence of this reversal is, 1 think, 
not far to seek. In the quiet condition of a cat the tone of-the paralysed 
dilatator is less than that of the normal dilatator in bright or dim light, but 
owing to the increased excitability of the paralysed dilatator its tone may 
be raised so that it is greater than that of the sound dilatator under all 
degrees of illumination, e.g. by slight dyspnea. There must, therefore, be 
an intermediate condition in which the tone of the paralysed dilatator will 
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be less raised, and will fall between the lower tone of the sound dilatator 
in dim light, and its higher tone in bright -light. Under these last 
conditions the reversal will take place. Moreover, owing to the greater 
ease with which the paralysed dilatator may be excited in kittens, this 
reversal will be more likely to be observed in them. 

A diminution of the tone of the normal dilatator in dim light would 
also account for the greater ease with which paradoxical dilatation can 
be produced in dim than in strong light when the control sympathetic 
is intact, since in dim light less stimulation of the paralysed dilatator 
would suffice to raise its tone above that of aie Sern dilatator ; 
ef. Exps. 1 and 10. : 

Qn this view the approximate equalisation of the pupils in dim light 
mentioned above would not merely depend upon ‘the mechanical dis- 
advantage at which the dilatators are placed by the relaxation of the 
sphincters. 

.. The inereased contraction of the paralysed dilatator was caused in 
‘Exp. 12 by the recent secondary operation, and in Exp. 1 by the handling 
of the kitten. 

My experiments do not suffice to show why the tone of the normal 
dilatator is increased in bright light. . The increased tone is, however, 
not evoked by light by a direct reflex through the sympathetic, since I 
have shown in an earlier paper? that no change occurs in the pupil in 
response to light after the 3rd nerve has been cut. It might, however, 
be evoked, (1) by a true reflex through the sympathetic started by the 
contraction of the sphincter, or (2) in direct response to the increased 
tension exérted by the sphincter upon the dilatator after the manner of 
a tendon-phenomenon. In this latter relation recent observations of 
Bayliss* are interesting, viz. that vascular muscles contract in 
response to increased tension on them, and relax actively when the 
tension isremoved. In my observations, however, cf. Exp. 4, I found that 
the same increase of tone did not occur in the control dilatator in bright 
light when the sympathetic was cut.. The integrity of this nerve 
was therefore essential. to the phenomenon. 


1 This Journal, xxx. p. 18. 1903. 
2 Bayliss. This Journal, xxvu1. p, 229. 1902. 
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IX. The question of inhibitory fibres for the dilatator in the 
oculomotor nerve. 

It might be objected that the reversal of the difference between the _ 
pupils described in the last section might equally well be caused by 
light inhibiting through the 3rd nerves the paralysed dilatator relatively 
more than the sound dilatator. 

There is, however, in the first place no experimental proof of the 
presence in the 3rd nerve of inhibitory fibres to the dilatator. I have 
myself made radial cuts into the iris after removal of the cornea, and 
have stimulated the 3rd nerve, but I have been unable to detect any 
_ relaxation of the radial strips either in the normal cat or in cats from 
which a superior cervical ganglion had been removed some days pre- 
viously. 

Waymouth Reid! from consideration of the electrical phenomena 
of the iris has recently advocated the view that inhibition of the dilata- 
tor is effected through the 3rd nerve simultaneously with contraction of 
the sphincter. There are, however, several objections to this view. 

(1) When the sympathetic is cut the pupil becomes smaller because 
the tone of the dilatator is diminished. If, therefore, bright light 
effectively inhibited the dilatators through the 3rd nerves the tone of 
the normal dilatator should gradually approximate to the tone of the 
paralysed dilatator as the sphincters contracted, and so the difference 
between the pupils should gradually disappear as the light was increased. 
This, however, as shown above is contrary to the facts. The pupils 
being often nearly equal in dim light, but the sound pupil much the 
larger even in very bright light, when the ie oa was a slit on the 
paralysed side. 3 

(2) After the removal of a superior cervical ganglion from a kitten 
it has been shown above that dyspnea will cause pronounced dilatation 
of the pupil on this side owing to increased contraction of the paralysed 
dilatator. If, therefore, the dilatator was inhibited through the third 
nerve at the same time as the sphincter contracted this paradoxical 
contraction of the paralysed dilatator should rapidly disappear in bright 
sunlight ; this however is not the case. The paradoxical contraction on 
the contrary may last for two minutes or more even in bright sunlight, 
and I could not detect that the bright light in any way shortened the 
duration of the paradoxical contraction of the paralysed dilatator. 

My observations, therefore, lend no support to the view that the 
dilatator may be inhibited through the 3rd nerve. . 

1 Waymouth Reid. This Journal, xvi. p. 438. 1895. 
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X. SUMMARY AND CoNCLUSIONS. 


Dade. certain conditions the aules paralysed by removal of 
@ superior cervical ganglion exhibit signs of greater tone than the 
corresponding muscles on the control side both when the control. sym- 
pathetic has been cut and when it has not. This is called a paradoxical 
effect. 

This effect has been observed one day after the lesion. and more than 
a year afterwards. | 

Excitement, dyspnoea, anzesthesia, death, are conditions which evoke - 
this effect. 

It is produced much more readily by slight dyspnoea in kittens than 


cats. 


The effect persists even when the post-gunglionic 
branches of the ganglion have been allowed to regenerate. 

Immediately after removal of the ganglion on one side and section 
of the sympathetic on the other, there is always greater paralysis on 
the side without the ganglion. 

Later there is frequently greater paralysis on the side with the 
nerve cut, but if sufficient care is taken to ensure a quiet condition of | 
the cat the. signs of greater paralysis are often transferred to the side 
without the ganglion. 

In the quiet condition of the cat the evidence is therefore often 
against the views, (1) that the sphincter is weakened on the side without 
a ganglion (Budge, Tuwin, Levinsohn), or (2) that there is per- 
- manent contracture of the vessels of the iris or dilatation on this side 
(Surminsky, Langendorff), or (8) that on the side with the ganglion 
the dilatator is inhibited (Kowalewsky). 

After the local application of eserine to the eyes of a kitten the 
pupil is smaller on the side from which a superior cervical ganglion has 
been removed so long as the kitten is quiet, but slight dyspnwa 
will cause the pupil to become almost maximal on the side without 
a ganglion, though the normal control pupil is very small. A similar 
result may be obtained when the sphincters are contracting strongly in 
bright light instead of under the influence of eserine. 

This paradoxical pupil-dilatation must, therefore, result from an 
actual increase of tone in the dilatator on the side without a ganglion. 

An actual increase of ton> may also be directly demonstrated in the 
muscles retracting the nictitating membrane and opening the eyelids, 
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when a ‘ paradoxical’ effect i is ering in them under deep anesthesia _ 


or dyspnoea. 


The ‘ paradoxical’ effect is therefore due to an increased excitability 


- of the contractile tissues on the side without a ganglion (Le wandowsky). 


The great accentuation of the ‘ paradoxical’ effects seen under anzs- 
thesia does not occur till the anesthesia causes dyspnea. This action 
of the anesthetic is therefore probably not due to its direct effect on 
the contractile tissues. _ 

Similar ‘ paradoxical’ effects may be observed on the side of the 


lesion, e.g. from dyspnoea if the sympathetic only be cut on one side. 


In this case, however, the paradoxical effects have appeared much later 
and have been less pronounced. 

The occurrence of ‘ paradoxical’ effects under these conditions shows _ 
that the ganglion cannot inhibit the automatic excitability of the 
contractile tissues with which it is left in connection. 

Many of the phenomena mentioned above have been observed 
previously, and reference to these observations will be found in me 
text. 

' The occurrence and continuance for more hea a minute of para- 
doxical contraction of the dilatator in bright sunlight on the side with- 
out a ganglion shows that light cannot inhibit this contraction through 
the 3rd nerve. 

Light also cannot effectively inhibit the panel tone of the dilatator 


| through the 3rd nerve, since a difference between the two pupils caused 


by paralysis of one dilatator is not diminished but increased by brighter 
illumination of the eyes. 

After paralysis of the dilatator on one side by removal of a superior 
cervical ganglion the pupil on the sound side may occasionally be the 
larger in bright light but the smaller in dim light. This observation 
indicates therefore an increased and not a dimivished contraction of the 
sound dilatator in bright light. 

In conclusion I wish to express my gratitude to Professor Lan Oe y for 
the peperous WAY in which he has helped me with advice and criticism. 


The expenses connected with my sc osslonente have been defrayed by a 
grant received from the Royal Society. 
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ON CERTAIN COLOUR REACTIONS OF PROTEID DUE 
TO TRYPTOPHANE. By SYDNEY W. COLE. 


(From the Physiological Laboratory, Cambridge.) 


Ir has been shown by Dr F. G. Hopkins and myself that the 
Adamkiewcz reaction for proteids is due to an interaction between 
tryptophane and glyoxylic acid’. We have therefore named the reaction 
the glyoxylic reaction, and have introduced a reagent (‘reduced oxalic 
acid’) which contains an abundance of glyoxylic acid, for testing for 
proteids. | | 

In our work on the separation and constitution of tryptophane we 
found that this substance is remarkably chromogenic, and it seemed 
desirable to determine whether certain other cclour reactions were due 
to this substance. 

Tiebermann’s reaction. Liebermann? stated that if proteids are 
precipitated by alcohol and washed with ether they give an intense blue 


- eolour when heated with concentrated hydrochloric acid. The purpose 


of the washing with alcohol and ether is, according to Liebermann, the 
complete removal of adherent fat, and so important did he consider this 
that he treated the proteid four times with hot alcohol and four times 
with cold ether before performing the test. 

Krukenberg’ states that the coloured product shows a band 
between E and b with a certain amount of absorption on either side of — 
this. E.Salkowski‘ and Pickering® agree that the reaction is not 
due to any of the aromatic decomposition products of proteids. 

Rimini‘ drew attention to the fact that the quality of the ether 


- 1 Hopkins and Cole, Proc. Roy. Soc. uxvin. p. 21, 1901; This Journal, xxvu, 
p- 418, 1901; and xxrx. p. 451, 1903. : 
2 Centralblatt f. d. med. Wissenschaft, 1887, pp. 321 and 450. See Jahresbericht f. 
Thier-Chemie, xvt1. p, 8, 1887. 
3 Verhandl. d. physik. med. Gesellschaft zu Wurzburg, N. F..18, p. 201. 1894. 
Zeit. f. physiol. Chemie, xu. p. 222. 1888. 
5 This Journal xtv. p. 875. 1895. 
Laboratorii della sanita pubbl. Roma, 1899, 2. 
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used in washing the proteid is of importance for the reaction, and stated 
that it is due to the vinyl alcohol which is almost constantly found as an 
impurity in ether. That some reactive substance is introduced by the 
ether is certain. When I first began investigations I used ether fresh 
from the retailer, and invariably failed to obtain a good blue reaction. 
My method was to precipitate egg-white with alcohol, wash the proteid 
two or three times with 95 per cent. alcohol, thoroughly drain it and wash 
it twice with ether. It was then squeezed between filter-paper and 
while still moist with the ether was treated with fuming hydrochloric 
acid and heated. With certain samples of ether the proteid slowly 
develops a reddish colour, and on prolonged heating dissolves in the acid 
to form a red solution. When examined spectroscopically this shows a 
broad band in the green corresponding to that described by Krukenberg. 
With ether that has been exposed to light for some months quite different 
results are obtained under precisely similar conditions. The proteid when 
heated with the acid almost immediately turns a fine blue ; when solution 
is obtained the fluid is blue or purple, and shows a band stretching from 
the D line into the green, a band which is identical with that of the 
product of the glyoxylic reaction’. I may state at once that the blue 
reaction is quite distinct from the red reaction, which will be described 
and explained below. 

A further point that I wish to emphasise here is that if proteid, after 
treatment with this active ether, be squeezed between filter-paper and 
allowed to dry thoroughly in the air it is turned an intense blue by cold — 
concentrated hydrochloric acid. 

For Rimini’s paper I have had to rely on an abstract in Maly*. I 
am therefore ignorant of the evidence that Rimini brought forward to 
prove that the reaction is dependent on vinyl alcohol. My observations 
however make it clear that this is not the reactive substance itself, but 
only represents a stage in the formation of it from the ether. 

To prove this I separated the mercury compound of vinyl alcohol 
by the method of Polleck and Thiimmel*® A clear alkaline solution 
of mercuric oxychloride is made by filtering a mixture of 4°5 parts of a 
saturated solution of potassium bicarbonate with 1 part of a saturated 
solution of mercuric chloride. All samples of ether that I have 
experimented with give an abundant white precipitate of the mercury 
compound of vinyl-alcohol when shaken with such a solution for about — 


1 Cp. Proce. Roy. Soe. loc. cit. 
2 Jahresbericht f. Thier-Chemie, xxtx, p. 1. 1899. 
% Berichte d. Deutsch. chem. Gesellsch. xxu. p. 2863. 1889. 
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10 minutes. To ensure complete removal of the vinyl alcohol I 
allowed the merenry solution to stand with the ether over-night. Since 
inactive ether (1.¢. ether that fails to bring about Liebermann’s reaction) 
contains vinyl alcohol in almost as large a quantity as active ether, it 
seemed unlikely from the first that vinyl alcohol was the reactive 
substance I was in search of. This was certain when I found that ether 
in no way loses its activity after the complete removal of vinyl alcohol 
by mercury. The reactive substance is glyoxylic acid and its presence 
in the ether can be accounted for from a consideration of the work of 
Polleck and Thiimmel? on vinyl alcohol and of Hopkins and Cole? 


in the light in the presence of air is oxidised to hydrogen peroxide 


and vinyl alcohol. The vinyl alcohol is converted into its isomer, acetic 
aldehyde, and this is oxidised to glyoxylic acid by the hydrogen peroxide 
present in the ether. 

On this view vinyl alcohol is not the reactive substance itself, but 
only represents a stage in the formation of it. The evidence for this is 
that if inactive ether be allowed to stand in the sunlight it slowly 
becomes active. If treated with hydrogen peroxide and exposed to sun- 
hight it rapidly becomes active. A stage in the process can be detected as 
follows. Proteid that has been precipitated by alcohol is washed with ether 
containing a little hydrogen peroxide freshly added. The proteid is 
squeezed and the test done on a portion (A). The remainder is dried in 
the air (B). The ether with the peroxide is now placed in a white 
stoppered bottle for some hours in the sunlight, and is used for washing 
proteid as before. The test is performed after squeezing (C) and after 
drying (D). A,C and D give intense blue colours with strong hydro- 
chloric acid, whilst B gives only a faint red. In A the trace of ether 
and peroxide that moisten the proteid give glyoxylic acid when heated 
with the hydrochloric, but in B the ether evaporates away in the cold 
without being oxidised to glyoxylic, and so the test fails. In C and D 
glyoxylic acid is present in the ether and is absorbed from this during 


the washing, in such a way that it is not lost during the drying process, ~ 


It is very interesting that glyoxylic acid should adhere to the proteid in 


such a peculiar way, a fact that can be demonstrated by soaking proteid 


‘in a solution of glyoxylic acid, washing it with inactive ether and then 


drying it thoroughly. It will be found to react in a magnificent way 
with hydrochloric acid. — 


Loc. cit. 2 Proc, Roy. Soc., uxvim. p. 21. 1901. 
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The share that vinyl alcohol takes is shown by the following experi- 
ment. The precipitate of the mercury compound of vinyl alcohol after 
being washed with water gives no reaction when heated with proteids 
and strong hydrochloric acid. But if a minimal quantity of — 
peroxide be added as well, a fine blue colour is produced. 

The separation of glyoxylic acid from active ether is best effected as 
follows. The ether is shaken two or three times with dilute sodium 
hydrate. The alkaline solution containing hydrogen peroxide, vinyl 
alcohol, acetic aldehyde and sodium glyoxylate is made acid with 
. sulphuric, treated with a solution of sodium sulphite, and evaporated on 
the water-bath. The sulphurous acid formed removes the hydrogen 
peroxide, the vinyl alcohol is converted to acetic aldehyde, which is also — 
removed, and any glyoxylic acid is left behind. If the evaporation be 
carried on far enough a solution is obtained which reacts with trypto- 
phane or proteid to give a perfectly typical glyoxylic reaction. That the 
glyoxylic acid is not produced during the manipulation is shown by the 
fact that inactive ether gives an entirely negative result under precisely 
similar conditions. : 

Since glyoxylic acid takes a share in the reaction it naturally follows 
that the reactive substance obtained from the proteid is tryptophane. 

This is further demonstrated by the fact that when a solution of 
tryptophane is heated with a drop or two of active ether and an excess 
_ of concentrated hydrochloric acid it yields a fine blue colour with the 
characteristic band at D. 

I consider the above facts sufficient to prove that Liebermann’s 
reaction is due to an interaction between glyoxylic acid present in the - 
ether used in washing the proteid, and the tryptophane split off from the 
proteid by the action of the concentrated hydrochloric acid. 

Furfurol reaction. I have mentioned above that when egg-white is 
heated with concentrated hydrochloric acid alone it gives a reddish 
colour, which, on spectroscopic — shows a band in the blue 
end of the green. 

In investigating this reaction I found that diluted ica hive yields 
it much more intensely than egg-white precipitated by alcohol. In the 
next place, I noticed that if egg-white be precipitated by alcohol, and 
the alcohol evaporated to dryness, a gummy substance is left, which, 
though giving no colour when heated with hydrochloric acid alone, 
yields a magnificent purple red when heated with alcohol-precipitated 
egg-white and hydrochloric acid. The gummy residue very readily 
yields a reducing substance, which led me to try the effect of cane sugar 
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on proteid. If proteid be heated with a little cane sugar and an 
excess of concentrated hydrochloric acid, the mixture develops an intense 
purple red when heated for a short while. The solution shows a band 
in the blue end of the green, stretching from about \ 490 to A 560, shrinking 


from the green end on dilution with acid. In dilute solutions the band 


is somewhat similar to the band of urobilin. The rédle of the cane sugar 
is to farnish furfurol under the influence of the strong acid, for furfurol can 
be employed instead of cane sugar with identical results. The best way 
of performing the test in this case is to heat the proteid with con- — 
centrated hydrochloric and to add a little furfurol to the solution whilst 

still hot. 

It was only after I had completed my observations that I saw a bare 
reference to the fact that Max Schultze had described a reaction between 
proteids, cane sugar and sulphuric acid’. 

I had often tried the effect of cane sugar on proteids in the presence 
of sulphuric acid with very dubious results. Owing to the extreme 
liability of the sulphuric acid to char the cane sugar and the proteid, it 
is very difficult to obtain a satisfactory reaction. The best way of using 
it is to treat the proteid with 50°/, sulphuric acid and a little cane sugar 
and then to heat carefully. The colour is never so vivid as when hydro- — 
chloric acid is employed, and an element of uncertainty is seldom absent 
owing to the charring produced. But with the simple modification of 
substituting hydrochloric for sulphuric acid the reaction is both certain 
and brilliant. The proportions of reagents necessary are indicated by 
the following case: 1 ¢.c. of 10°/, Witte’s peptone, 2 drops of a 5 °/, solution 

of pure cane sugar, and 5 c.c. of fuming hydrochloric acid are heated in 
a test-tube for about a minute with the production of a deep purple red 
solution *. 

An interesting point is that the red colour obtained by the action of hot 
hydrochloric acid on egg-white which has been precipitated by alcohol 
is certainly this furfurol reaction for proteids. The furfurol probably 
arises from the proteid itself under the influence of the acid, as has been 
clearly shown by Udransky’; as I have said, the spectrum of the reac- 
tion shows an absorption band in the urobilin region, and it is this band 
which Krukenberg‘ describes as being proper to Liebermann’s reaction. 
, The next point to determine was the constituent of the proteid 


1 Neubauer and Vogel’s Analyse des Harns, 1. p. 258. 1890. 

* It follows that in the presence of proteids Pettenkofer’s test for bile salts cannot be 
relied on, 

* Zeit. f. physiol. Chemie, x11. p. 389. * Loe. eit. 
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molecule that is responsible for the reaction with furfurol, and I was 
somewhat surprised to find that this is the skatol group: tryptophane, 
skatol-acetic acid, skatol-carbonic acid, and skatol yield the reaction 
with great ease. 

Both Hopkins.and.I had previously failed to notice that beats. 
phane reacts with furfurol, for the reason that we used concentrated 
sulphuric acid, which produces such an intense brown char that the 
reaction is obscured. In hydrochloric acid a magnificent purple solution 

is formed when the tryptophane is heated with cane sugar or furfurol, 
' which has spectroscopic properties identical with those of the reaction 
with proteids. 

The reaction is given by those substances that yield the glyoxylic 
reaction, namely, all proteids and keratin. Gelatin fails to give the 
reaction, this being in accordance with the fact that tryptophane is not 
present in the gelatin molecule. 

The relations between the various colour reactions so far mentioned 
can be summarised as follows: 


I. Under the influence of concentrated hydrochloric acid proteids 
yield their skatol group in such a form as to give a brilliant eotour 
reaction with added furfurol. 


II. Certain proteids when treated with strong acids yield sufficient 
furfurol to give a colour reaction with an added aromatic — 
is the case with Molisch’s test with 8-naphthol. 


IIt. A slight colour reaction can be obtained from certain proteids 
by the simultaneous liberation of both furfurol and an aromatic 
substance (tryptophane) under the influence of strong mineral acids, 
notably hydrochloric. 


IV. In both those cases where a brilliant reaction is apparently 
obtained under the influence of strong mineral acids alone, as in the 
Liebermann and Adamkiewcz reaction, it is due to the skatol group 
interacting with the extraneous substance, glyoxylic acid, and it is no 
longer in any sense a furfurol reaction. 

It is a curious fact that the spectrum of both these latter reactions 
was previously believed to show a band in the blue end of the green, 
a band characteristic of the furfurol reaction I have described. I feel 
convinced that in these cases the investigators were using glacial acetic 
acid and ether free from ‘glyoxylic acid, and that the reactions they 
were obtaining were the obscure furfurol reactions that I have described 
under the easing ITT above. 
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PROTEID COLOUR REACTIONS. 


Reichl’s reactions. Reichl* found that an intense colour varying 
from a blue to a green, is produced when proteids are heated with con- 
centrated hydrochloric acid, a drop of ferric-chloride, and a little of one 
of the following aldehydes, benzaldehyde, salicylic aldehyde, anisic 
aldehyde, vanillin, cumarin and furfurol., He also found that the ferric 
chloride merely acted as an oxidising reagent, and could be replaced by 
hydrogen peroxide; and that the reaction is probably dependent on the 
skatol group of proteids, since indol and skatol condense to blue 
products with the aldehydes, I have confined myself to the reactions 
with benzaldehyde, salicylic’ aldehyde and furfurol, and can confirm 
Reichl as to the intensity of the colour produced: This reaction is 
also due to tryptophane in the proteid molecule. It is also given by 

The purpose of the oxidising reagent was investigated. In the first 
place it is necessary to oxidise the benzaldehyde and not the tryptophane. 
I spent a good deal of time in endeavours to isolate an oxidation product 
of tryptophane that would give the reaction without any further addition 
of ferric chloride, but without success. The two products, C,H,NO and 
C,H, N,, that Hopkins and I prepared from tryptophane’ by oxidation 
with ferric chloride, give entirely negative results. I then tried oxida- 
tion of benzaldehyde, and found that a product is formed which will 
react with proteid in the presence of strong hydrochloric acid without 
the further addition of any oxidising reagent. Benzaldehyde in 
alcoholic solution is heated with hydrogen peroxide for an hour on the 
water-bath. It is then acidified, and sodium sulphite added to remove 
the excess of hydrogen peroxide. A little of the solution now gives a 
deep blue with proteid and strong hydrochloric acid. 

I further found that many samples of benzaldehyde react with 
proteids under the influence of strong acid to give a more or less 
intense colour, without the addition of an oxidising reagent. In these 
cases the reactive substance is formed from the benzaldehyde of the 
action of the air, in the course of a few days. I have failed to obtain 
sufficient of the reactive substance for isolation, but consider it probable 
that it is benzoyl peroxide, which is a precursor in the formation of 

benzoic acid from. benzaldehyde, 
The mechanism of the reactions with the other aldehydes seems to 
be identical with the above. It is interesting to note that furfurol, in 


1 Monatsh, f, Chem. x, 817 and x1. 155. See Jahres. f. Thier-Chem. x1x. p. 10 (1889) 
and xx. p. 8 (1890). 
? This Journal, xxix. p. 464. 1908. 
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the presence of strong acid, reacts with tryptophane to give a purple 
colour: with the further addition of a trace of ferric nee or 
hydrogen peroxide it gives a green. 

‘In all these reactions. with aldehydes the spectrum shows a Sead in 
the yellow green, somewhat similar to the spectrum of the folio 
reaction. 

I have not made any exact comparisons of the delicacy of the various 

reactions described in this paper. Liebermann’s reaction is so uncertain 
in comparison with the glyoxylic test (as performed with reduced oxalic 
acid) that it needs no further discussion. The reaction with cane sugar 
is simple, and convenient for a fairly strong solution of proteid, but in 
very dilute solutions the charring of a portion of the sugar that 
inevitably takes place in the strong acid is liable to give. somewhat 
uncertain results. 
_ Tam much in favour of the reaction with ee PE It seems to 
be almost as delicate as the glyoxylic test, the aldehyde does not tend to 
condense to brown products unless a large excess be added, and a blue 
reaction always seems to me to be an easy one to recognise. | 


SUMMARY. 


_ Liebermann’s test for proteids is due to an interaction between 
glyoxylic acid contained in the ether used in washing the proteid, and 
the tryptophane split off from the proteid by the strong hydrochloric 
acid. 

The glyoxylic acid in ether arises hy oxidation of the ether through 
the stage of vinyl alcohol and its isomer acetic aldehyde. 

The oxidation is effected in sunlight, primarily by the oxygen of the 
air, and secondarily by the hydrogen peroxide produced in this way. 

Proteids give an intense purple red colour when heated with strong 
hydrochloric acid and a little cane sugar or furfurol, the reaction being 
due to tryptophane. 

The reaction is sometimes seen when certain proteids are heated 
with hydrochloric or sulphuric acid alone, the farfurol i in this case ey 
formed from the proteid itself. 

Proteids, as shown by Reichl, give a deep blue page he heated 
with hydrochloric acid, ferric chloride, and a small amount of an 
aromatic aldehyde, like benzaldehyde. This reacticn is also due to 

tryptophane. The purpose of the oxidising feagent is to form a reactive 
substance, probably a peroxide, from the aldehyde employed. 
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ON THE HAMOGLOBINOMETRY AND HAMA- 
CYTOMETRY OF THE BLOOD OF THE SKATE. 
By DAVID FRASER HARRIS, M._D., BSc. (Lond.), Lecturer 
on Physiology and Histology, University of St Andrews. 


(From the Gatty Marine Laboratory and Physiological Laboratory, 
University of St Andrews.) 


THE observations that follow were preliminary to a study of the effects 
of splenectomy in fish—a research on which I engaged in the light 
of Dr Noél Paton’s interesting work on splenectomy in mammals’. 
It was obviously essential to establish at the outset the percentage 
of hzmoglobin, and the number of corpuscles in unit volume of the 
blood of normal skates. As the fish possesses so little blood in relation 
to its body-weight, the method of obtaining blood by puncture of the 
skin at the time of splenectomy is not feasible, nor is the drawing 
off of blood from the splenic artery or vein attended with any greater 
success, as there is barely enough blood in eithe. vessel in a small or 
medium-sized fish, to fill the pipette of an Oliver hemoglobinometer. 
Furthermore, the method of puncturing the skin is rendered very 
uncertain by blocking of the pipette by the cutaneous mucus. To 
establish the richness of pigment and: of cells in the normal blood, I 
therefore decided to use heart-blood, and to sacrifice a fish each time that 
estimations were made. There is probably only about 15—20 c.c, of blood 
in the body of a large skate, eg. of one weighing from 600 to 900 
grammes. The blood-films were fixed by heat (Thermostat at 50°C. for 
24 hrs), : 
The fish used were: Raia batis (the grey skate, or “Dinney”), and 
Raia clavata (the Thorny-back). 
_ Skates do not feed at all heartily in captivity, and do not display 
much activity in the tanks. The fish were killed by an overdose of 
ether stirred up in sea-water in a tub to which they had been trans- 
ferred. The pericardial cavity was rapidly opened, and from the incised 


This Journal, p. 411, 1903 and p. 83, 1902. 
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heart enough blood for all the above processes was obtained, but only 
by using the utmost expedition; speed is necessary, seeing that — 
skate-blood coagulates with considerable rapidity (5’—6’). 

The percentage of hemoglobin. Oliver's tintometer' was used. In 
this instrument, blood, having 15°5°/, of HbO, will, when diluted to 
1 in 100, match the disc marked 100: (the pipette holds 5 cub. mm., 
and to fill the mixing cell, 495 c.mm. of distilled water are added). The 
lowest reading recorded was 20°/, of this scale, which is #f, x 15°5 
=3°1°/, HbO,; and the highest was ose is 62 HbO,; giving a mean 

93 


of = #65"), HbO, 


By far the greatest number of readings ranged from 20 to 30 +, 

of Oliver’s scale, i.e. from 3°1 °/, to 4°65 °/,; and as the result of estimations 
extending over two years and made at all the four seasons, 1 am able 
to say that the average percentage of HbO, is between 3°5°/, and 3°8°/, 
of the blood of a normal skate. Estimations were in nearly all cases 
also made by v. Fleischl’s hemometer; the agreement between this 
instrument and Oliver's was very close. In about half the number 
of estimations, I also checked the results by the spectrocolorimetric 
method of Rollet*. Quite different in principle, its readings were 
in agreement with those of the two tintometers, thus: 


By Oliver's hamoglobinometer 310 31 280 


By the spectrocolorimetric method 308 34 213 


Seeing, however, that much more blood is required for the spectro- 
colorimetric method, and that the two tintometers agreed more closely 
with each other than it did with either, I gave up this method, which 
had been a useful corroboration in the earlier estimations. | 

The specific gravity of the blood was taken on several occasions — 
by the diluted glycerine method: it ranged between 1038 and 1035. 

The number of erythrocytes per cubic mm. was determined by the aid 
of a Thoma-Leitz hemacytometer : in this instrument 16 squares form a 
field, and 16 squares were always counted (the factor of multiplication is 
400,000 when the dilution with Hayem’s fluid is 1 in 100). The average 
number of erythrocytes per 16 squares is 14, or just less than 1, per 
square : (44 x 400,000) = 350,000 number percub. mm. I believe there 


1 Oliver. Lancet, June 20, 1896. 
* Rollet. ‘Physiologie des Blutes.” Hermann’s Handbuch der Physiologie, Bd, rv, 
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are seasonal variations, but I have not sufficiently numerous observations 
throughout all the seasons to establish certainties. It seems that the 
minimum is reached about February (275,000), while in June and 
in October the figures have reached 400,000. The HbO burden per 


a5 ° 106000 =°00001. The similar ratio} in 
15 


is 5000,000 = 000,008, these are as 34:1, or the burden of 


per erythrocyte is, in the skate, 3} times as great as in man. 

The number of leucocytes per cub. mm. varies from a minimum 
of 12,500 to a maximum of 40,000 (readings at all seasons and in all 
conditions of nutrition of the fish). The instrument used was a Thoma- 
Leitz heemacytometer (dilution 1 in 10). 

The fact that skates will not feed freely in captivity on their food 
of “small green cod” and molluscs, no doubt influences the number 
of leucocytes. I frequently counted 40,000 or 16 per 16 squares (with 
a dilution of 1 in 10) when the fish were newly brought in from the sea, 
and had presumably been recently feeding, as their stomachs contained 
semi-digested material. After some days’ captivity, such fields as 9, 10, 
and 12 per 16 squares are common, 2.¢. 22,500, 25,000, 30,000 respectively, 
and of these the last two are by far the most common. I believe the 
leucocytes per cub. mm. in un average skate (500—600 grms wt.) are 
between 25,000 and 30,000. 

~ Thus the red to white ratio is SPOON: 300; or 12:1 (about); or 
10:1. 

Ainohget the leucocytes to be seen in perfectly fresh blood and 
in fish which have been in captivity for not more than an hour or two, 
are a few large very coarsely granular cells. They vary between ‘012 
and ‘015 in diameter: their granules which are strongly eosinophil are 
large and refractive: the cells in films have a tendency to burst. The 
isolated nucleus and the deep red granules around it are very distinct. 
These large cells, which appear extremely dark or opaque in the field 
of the hzmacytometer, are present on an average to the extent of 
4 per 16 squares, 1.¢. (+4 x 40,000) = 10,000 per cub. mm. 

(The expenses incurred in this work have been met by a grant from 
the Government Grant Committee of the Royal Society, and by a grant 
from the Carnegie Trustees, for both of which I desire to express my 
gratitude.) 


corpuscle i is thus 


ah 
* 

4 

ay 

A 
as 
> 
a 
f 
| 
5 
— 


THE HAMOGLOBIN AND CORPUSCULAR CONTENT 
OF THE BLOOD OF THE NEWBORN. By ALEX. 
O. M. FEHRSEN, MB. 


In the following account I give the results of ohesevadic uh ie | in . the 
blood of infants in 40 consecutive cases. The infants were all born — 
in an tntern Lying In Charity to which I was attached as resident 
accoucheur. In all cases the cord was not ligatured until pulsation in 
it had ceased. The blood was examined on the Ist and 10th days of life. 

Methods. For the estimation of the bemoglobin an Oliver's hemo- 
globinometer was used, the comparison with the standard tint being 
carried out in a dark room by the light of a standard candle. In the 
preparation of the films, coverslips were used. These had been boiled 
in bichromate of potash, repeatedly washed in distilled water, then 
immersed in strong. nitric acid for 24 hours, and again washed in 
distilled water until no acid reaction was obtained with litmus paper. 
The erythrocytes and the leucocytes were taken separately by a Thoma- 
Zeiss hemacytometer. The leucocytes were diluted with ‘3 glacial . 
acetic acid and the erythrocytes with Toison’s fluid. | 

The pulp of the infant’s thumb was punctuied with a broad- bladed 
surgical needle cleansed in ether. Blood was allowed to flow from the 
puncture, no pressure being employed. The first drop having been 
discarded, a coverslip was applied to the tip of the 2nd drop and 
another coverslip superimposed on it. The coverslips were then rapidly 
drawn apart and the films rapidly dried in the air. They were placed 
in an airtight glass case. 

The cell for the estimation of haemoglobin was then filled and also 
the pipettes used in countiny the corpuscles. 

The films were stained by Jenner's eosin methylene blue in absolute 
alcohol. The time of staining was 3—34 minutes ; they were then rapidly 
washed in two separate vessels of distilled water, dried in the air and 
mounted in Canada balsam. The leucocytes were counted under an }” 
holoscopic lens on a moveable stage, 3 separate counts being made from 
the same pipette. The erythrocytes were counted in a like manner. 
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As to the differential counting of the leucocytes, 40 out of the 80 films 
prepared were enumerated, In each differential count, which was 
carried eut on a moveable stage with a j,th Leitz oil immersion lens, 
500 separate leucocytes were enumerated and the percentage calculated. 
-In the earlier cases some of the films prepared were unsuitable for 
differential counting, I therefore selected the best films for this purpose. 
The weight of the infant was taken immediately after birth and > 

again on the 10th day. In the appended tables I have adopted 
| Kanthack’s classification of the leucocytes. 


OBSERVATIONS AND CONCLUSIONS. . 


Schnecking® from an examination of 5 full term children, places 
the total amount of blood at birth at ; of the body weight when the 
cord is immediately ligatured. After late ligature, however, it rises 
to 4 of the body weight. | 

Specific gravity. Hock and Schlesinger® state that the specific 
gravity of the blood at birth is 1065, and this corresponds to a hamo- 
globin percentage of 108. 

Hemoglobin is apparently lightly found in the red corpuscle of the 
infant at term. Hock and Schlesinger® found the hemoglobin per- 
centage to be on an average 104 at birth. They do not, however, state 
how many infants they examined. E. Schiff, who has done a great 
deal of work on the infant’s blood, and has examined the hemoglobin 
in 15 cases, found it to vary from 130°/, to 110°/, at birth, and falling 
to 95 °/, by the 3rd week. In the present series I have found that it varied 
from 102°/, to 125°/, at birth, and the average of the 40 cases was 110 °/,. 
It: always fell by the 10th day, but the diminution was unequal and was 
greatest in the higher percentages. On the average a fall of 10 °/, 
is found. In those infants who gained in weight in the 10 days the 
fall in the hemoglobin percentage was proportionately smaller. 

The Erythrocytes, All observers agree that there is a polycythemia 
at birth, and that there is an increase in the first 24 honrs. There 
is much diversity of opinion as to the actual number found in the — 
cubic millimetre of blood. Some of the mean numbers obtained by 
various observers are as follows: 


Hayem™ 5,368,000 Helot 5,531,000 
Sorensen 5,665,000 Schiff® 5,825,000 
Otto 6,165,000 Bidone 6,500,000 
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_  Hayem® and Helot found that early ligature of the cord caused 
a reduction of half a million. | 

In the 40 cases in my series I found the highest count was 7,250,000, 
and the lowest 4,300,000 with an average for the 40 cases at birth 
of 6,047,000. 

- There is some discussion as to the cause of the polycythemia, 
Lesiks holding that it is due to changes in the plasma and not 
to a new formation or a degeneration of the corpuscles. Hayem, who 
found the corpuscles ‘smaller in the maximal ene maintains that 
it is due to a new formation. 

Schiff found that the increase is due to a loss of fluid,and siianins 
concentration of the blood, as he observed that the counts decreased 
after the 1st feeding of the child. With regard to the sex of the child 
there seems to be no marked difference in the relative numbers of | 
erythrocytes. As regards the presence of nucleated red blood corpuscles 
at birth, Neumann and Kélliker® found large 
were mostly of the normoblast type. 

Hayem™, Loos, and Fischl did not find numerous ns 
at birth, and state that they are found in foetal life only. In the 
present series I find that normoblasts always occur up: to 
2 hours after birth, and in some cases later; but I have been . 
unable to find them later than the 13th hour after birth, 
They are invariably normoblasts, and in only one instance did 
I find a megaloblast. 

Lewcocytes, The blood of the normal newborn infant invariably 
shows a leucocytosis, As to the precise number there is again great 
variation in the results of the different observers. Hayem found that 
there is a rapid decrease till the 4th day after birth, and then an 
increase that date 


‘Kirst 48 hours 
After 5th day 9—11,000 
Otto 10-95 hours 23,250 
Schiff 48hours  10—32,000° 
| 4—18 days ‘12—13,000 
Woino-Oransky® Atbirth 16,000 ~ 
14 hours 20,000 


2nd day 31,000 
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Gundobin® At birth 19,000 
24 hours 23,000 
48 hours 
Rieder® . At birth 17,000 
2—4 days 14— 27,000 
After 4thday 12—14,000 : 


In the present series, the counts being done up to the 20th hour 
after birth, the highest I found was 32,500, and the lowest 7,600; with 
an average for the 40 cases of 18,400. 

Schiff never found the rapid diminution at the end of a physio- 
logical loss of weight, but he calls attention to the daily variation under 
the influence of digestion. 

Schiff holds that the leucocytosis is due to an increased flow 
of lymph from the tissues into the blood when the child is hungry. 
Lepine considers that it is due to a concentration of the blood, 
Gundobin states that it is due to a predominance of “over ripe” 
elements, 1.¢. finely granular eosinophils. These decrease and by the 
10th day there is an absolute and relative increase of lymphocytes, 
that is, the blood becomes younger. 

Percentages of various leucocytes in the blood. In counts of over 
18,000 I found there is a large increase of finely granular eosinophil 
cells, but as the counts decrease there is an increase in the percentage 
of lymphocytes and mononuclear elements. Gundobin found a similar 
state of affairs, and he concluded that the blood of the infant is richer in 
young form elements; the absolute and relative counts of lymphocytes 
being three times as large as in the blood of adults, while the finely 
granular eosinophil cells were relatively half as many as in adults. 

With regard to the colour index ); the average number 
of red corpuscles be taken as 5,000,000, the colour index in the present 
series of cases is a high one, i.e. ‘91, whereas in the blood of adults it 
is ‘62. 

On the whole then I conclude that the newborn blood shows: 

1. A high percentage of hemoglobin, 110°/,—115 °/,. 

2. A large increase in the erythrocytes with a mean of 6,047,000 
per c.m. 3 

8. A well marked leucocytosis, 18,000 per c.mm. 

4. An absolute and relative increase in the lymphocytes and ticks 


_ mononuclear elements. 
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An invariable presence of nucleated red blood — up to 


the 8rd hour after birth. 
6. A high colour index ‘91. ° 
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THE only certain method of distinguishing peptones and true proteids 
from their decomposition products appears to lie in the biuret test. 
Hence the quantitative estimation of peptone-splitting ferments rests 
on the application of: this test. Though the method adopted did not 
give results of as great accuracy as has been attained in the estimation 
of certain other ferments, this was due to indirect causes rather than to 


the method itself. This method consisted in comparing the partially 
digested peptone solution which was to be tested against some of the 


undigested peptone by means of a colorimeter. Into each of two tall 
flat-bottomed Nessler tubes were introduced convenient quantities of 
caustic soda and copper sulphate, and into one of the tubes was run 
a measured volume of the undigested peptone solution. This tube 
served as a standard. To the other tube the partially digested peptone 
solution was gradually added until the mixture showed exactly the same 
tint as the standard, and supposing, for instance, that just twice as great 
a volume of the peptone was required as in the standard tube, it would 
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follow that 50°/, of the peptone in the solution had been split up into 
substances no longer yielding the biuret test. The two Nessler tubes 
stood on a plate of glass, underneath which a dull white slab was placed 


_ at such an angle as to reflect up the tubes a convenient amount of light. 


The tubes were viewed through a black mask in which had been cut 
two circular holes 14mm, in diameter. If care be exercised, it is 


| possible after some practice to make estimations which do not on an 


average differ from each other by more than 1°/,. The amounts of 
alkali, copper sulphate and peptone solution used can be varied within 
very wide limits, but those adopted in practically all the observations _ 
described below were as follows. Into each tube were run 18 cc. of 
caustic soda (containing 4°/, by weight of ordinary stick soda) and 2 c.c. 
of centi-normal copper sulphate solution, and into the standard tube 


40 cc. of a 2°5°/, solution of the peptone which was being used in the . 
‘digestion experiments. The peptone used in the first part of the 


experiments was a 5°/, solution of Witte’s peptone which had been 
digested 7 days at 38°C. with toluol, *2°/, HCl, and pepsin (2 gm. of 
Parke, Davis and Co.’s 1—4000 pepsin being added to 1 litre of solution, 
and further quantities of 1 gm. being added on the 3rd and 5th days of 
digestion). This solution was neutralised, heated to 90°, and filtered on 
cooling. As will be shown later, it was not acted on any more rapidly 
by peptone-splitting ferments than was undigested Witte-peptone solu- 
tion, hence in the latter part of the observations this solution alone was 
employed. In that a small portion (less than 3°/,) of the peptone does 
not dissolve in water, it was filtered off, and so this filtered 5°/, Witte- 
peptone solution was ultimately adopted as the standard one. In di- 
gestion experiments it was necessary to add small quantities of sodium 
carbonate and of the ferment extract to. be tested, hence to get com- 
parable results water was always added so as to bring the total bulk of 
digesting liquid up to double that of the peptone taken ; ie. the — 
ing contained 2° of 


The rate of of the biuret reaction 


_ A source of error which has. to be carefully guarded against lies in 
the fact that the development of the maximum tint of the biuret reaction 
takes an appreciable time. This point does not seem to have been 
previously noticed, although in the case of native proteids it is obvious 
to the most superficial examination. Some of the quantitative results 
obtained are plotted out as’ curves in the accompanying figure, and from 
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this we may gather that, as regards Witte-peptone solution, the tint 
produced immediately the peptone is run into the alkaline copper 
sulphate is only about 88°/, of the maximum tint, whilst after 1 minute 


¥ 
wit 


Fig. 1. 


it is 93°/, of the maximum. This maximum is only attained after 
about 8 minutes. That is to say, in order to get immediate equality 
of tint it is necessary to run into one Nessler tube -455.¢. of peptone 
solution, instead of the ‘40c.c. which has been run into the standard 
tube 10 or more minutes previously. Filtered Witte-peptone solution, 
and peptone digested a week with pepsin gave practically the same 
rates of development of tint, but Witte-peptone which had been partially — 
digested with peptone-splitting ferments showed a distinctly more nvpid 
rate of development. Thus in the figure are given the values obtained 
with a peptone solution 50°/, of which had been destroyed by the action 
of a pancreatic extract, and of a solution 81°/, of which had been 
destroyed by pancreatic and intestinal extracts. This latter solution 
showed a slightly more rapid rate of development of tint than the former, 
but the difference is so slight as to be within the limits of experimental 
error. | 

In the case of the native proteids the development of the biuret 
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reaction is remarkably delayed. With filtered egg white we see that 
4 seconds after mixing the proteid and alkaline copper sulphate the tint 
was only about 37°/, of its ultimate value. After 12 seconds it was 50°/,, 
and after 1 minute it was 73°/, of the maximum, whilst equality of tint 
was reached after about 12 minutes. From the direction of the curve 
we see that the proteid could have given no biuret reaction whatever 
immediately on mixing with the copper sulphate, or it would seem that 
the reaction can only develop as the proteid becomes gradually decom- 
posed by the action of the caustic alkali. The results obtained with 
the proteids of blood serum support this view, for we see from the figure 
that in their case the development of the reaction was still slower than 
with egg white. In fact about 36 seconds were required. for the tint to 
reach 50°/, of its final value, and this final value was not attained for 
2 hours or more. We must conclude, therefore, that the proteids of 
serum are decomposed by caustic soda much more slowly than are those 
of egg white, whilst even Witte-peptone contains certain substances— 
presumably albumoses—which require to be split up by the alkali before 
they can yield the maximum biuret reaction. The rate of decom- 
position of proteids is of course dependent on the strength of alkali used. 
In all the above observations a solution containing 4°/, of stick caustic 
soda was used, but it was found that if 1°/, NaOH were used instead 
the reaction developed considerably more slowly, and with ‘2°/, NaOH 
much more slowly still. In fact with this latter strength of alkali serum 
proteids gave no appreciable reaction whatever for 2 or 3 minutes, and 
developed only three-fourths of the full tint in 24 hours, whilst even 
peptone took some seconds to develop any tint. I hope at some future 
time to investigate more thoroughly the rate of development of the 
biuret and of other colour reactions with various pure proteids, as it 
seems possible that useful information as to the comparative degrees of 
stability of proteids may thereby be obtained. : 

It will be noticed that in the above figure no times of arrival at less 
than 50°/, of the maximum tint are recorded in the case of serum 
-proteids. The reason of this is that equality of tint was not attainable. 
As more and more of the serum solution was added, the tint at first 
developed became more and more pinkish as compared with the standard, 
till accurate comparison was no longer possible. A similar though not 
so marked condition of things was observed also with egg white, and to 
a slight extent even with Witte-peptone. That is to say, the tint at 
first developed is in all cases more pinkish than that ultimately at- 
tained. Now it is well known that peptone gives a pinkish-red biuret: 
PH. XXX. 22 


| 
is 
me 
bs 
+9 
A 
(J 
¥ 
da 
+ 
is 
de 


$34 VERNON. 


reaction, whilst native proteids give a violet one. Therefore the first 
portions of the molecule split off by the action of the caustic alkali are 
—as regards their biuret reaction—comparable to peptone, whilst those 
split off later react differently. 

As far as the few. observations made can show, both proteids and 
peptones yield roughly the same intensity of biuret reaction. For the 
reason just mentioned, it is impossible to compare accurately solutions 
of egg white and serum proteids against those of peptone, but it was 
found that the amounts of proteid required to give distinctly fainter 
and distinctly deeper tints than that of the standard peptone lay 
between comparatively narrow limits. Measured volumes of the egg 
white, the blood serum and the Witte-peptone used in the above obser- 
vations were dried for 24 hours at 107°C., and taking the percentages 
of dry solids present as roughly representing their proteid content, it 
was calculated that 1 part of Witte-peptone gave the same intensity of 
biuret reaction as ‘93 part of egg white, and 1:12 part of serum proteids. 
It seems probable, therefore, that the intensity of the biuret reaction 
forms @ quantitative measure of the relative numbers of biuret groupings 
present in proteid and peptone molecules, and also that these relative . 
numbers approach equality. 


~The law of action of 


For the quantitative estimation and comparison of the coke: , 
splitting ferments in various extracts, it is necessary to know their law 
of action. In order to determine this series of observations were made 
with intestinal and with pancreatic extracts. Volumes of 50.c.(or more) 
of 5°/, Witte-peptone were run into small stoppered bottles, water 
and sodium carbonate solution added so as to bring up the total volume 
of liquid to 10 c.c. (less that of the ferment extract to be employed), and 
the strength of the sodium carbonate to ‘1*/,. Fonr drops of toluol 
were added, and then volumes of extract varying from 1 cc. down 
to 015625 c.c, (or as 64 to 1) were run in. The bottles were kept 
in an incubator at 38°, and after about 2, 8, 24 and 48 hours small 
samples of the digesting peptone were withdrawn and tested in the 
manner above described. In certain cases the digestions were continued 
further, and were tested after 4 and § days, and in certain cases also 
they were examined twice in the initial stage, viz. after about 14 and 
4 hours, instead of after 2 hours, but for ordinary purposes the four 
determinations at the above-mentioned hours were found sufficient... 
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The intestinal extracts used, which contain the peptone-splitting 
ferment erepsin, recently discovered by Cohnheim’, were prepared 
by washing out the intestine thoroughly with a stream of water, 
allowing the water to drain off for half-an-hour, and then, with a scalpel, 
scraping away the mucous membrane and some of the muscularis 
mucose. To each gram of tissue were then added 2c.c. of glycerin, 
or of 30¢/, methylated spirit. Small portions of the clear extract were 
filtered off for testing as required. The results obtained with a glycerin 
extract of cat’s intestine—acting upon peptone previously digested 
a week with pepsin—are indicated in the accompanying figure. Here 
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ordinates represent the percentages of peptone destroyed, and abscissz 
the time in hours. Through the experimentally determined values, 
represented by dots, have been drawn smoothed curves, It will be seen 
that the percentage of peptone decomposed increases regularly with the 
duration of the digestion and with the amount of ferment present. The | 
rate of digestion is most readily studied by reading off from these curves 


1 Zeit. f. physiol. Chem. xxxmm. p, 461, and xxxv, p. 184. 
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the times required to split up definite amounts of peptone, such as 20, : 


30, and 40°/,. The values so obtained are given in the table, and 
from them we see that the time varied in inverse ratio to the quantity 


Hours required to digest Time X quantity of ferment 


20 p.c. 30 p.c. 40 p.c. 60 p.c. 20 p.c. Wpe 
4 1°4 7°4 18°4 56 13°6 80 54 
2°8 68 188 27 13°6 28 54 
1 66 67 8 
5 13°8 838 6°9 16°5 


of ferment. For instance, 8 parts of ferment split up 30°/, of the 
peptone in 19 hours, whilst 4 parts of ferment required 3:4 hours, and 
2 parts 6°8 hours. In the right half of the table are given the products 
of quantity of ferment into time in hours, and it will be seen that the 
law of inverse proportion holds with fair approximation in every case. 
Close agreement could not be expected, as small errors in the peptone 
estimations produce considerably larger ones in the digestion times. 
For instance the proportions of peptone destroyed after 24 hours by 
‘5 and 1 part of ferment were respectively 27 and 36°/,, or differed by 
9°/,. An error of 1°/, in either of the peptone estimations would thus 


represent {th of the difference produced by doubling the amount — 


of ferment added, or would become magnified to an error of 11°/, in the 
determination of the digestion time. 

The times of digestion of more than 50°/, of the peptone have not 
been recorded, as it is difficult to estimate them with much accuracy. 
As digestion proceeds, the tint of the biuret reaction gradually becomes 
more and more reddish pink, but until more than 50°/, or so of 
the peptone has been split up, the change of tint is so slight as to 
diminish very little the exactness of the colour comparison. The 
change of tint was generally more marked in pancreatic digestions than 
in intestinal. In some of these latter, indeed, there was no change 
of tint whatever, even when 60°/, or more of the peptone had been 
decomposed. 

Tt will be seen that even when the maximum amount of intestinal 
extract was used (lc.c. in 10c.c. of 25%, peptone) only about 83 °/, 
of the peptone was split up in twodays. None of the other extracts, 
either intestinal or pancreatic, effected even as much decomposition 

as this; hence the disintegration of the peptone was never rapid", 


1 Weinland (Zeitschr. f. Biol. xuv. p 292. 19038) likewise found that the intestinal 
ferment acted somewhat slowly. 
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Cohnheim obtained extracts which caused the disappearance of the 
biuret: reaction in a much shorter time, but he added much larger 
quantities of extract. For instance he found that 15¢.c. of extract 
almost completely decomposed ‘06 gm. of peptone in 45 minutes. He 


- ground up the mucous membrane with sand previous to extraction, but 


I did not find that this treatment yielded more active extracts, and 
therefore I discontinued it. | | 

In the above figure the curves of digestion have not been drawn 
from zero, but from a point indicating that 5°/, of the peptone had 
already been split up. This splitting was due to the direct action 
of the *1°/, Na,CO, in which the digestions were carried out. That 
is to say, if peptone be kept at 38° with the alkali and no ferment 
whatever, it is found that within an hour or two nearly 5°/, of it 
is decomposed, whilst after two days the amount has risen to from 5 to | 
6°/,. It might be thought that this apparent decomposition was due 
merely to some error incidental to the method of ferment estimation. 
Probably, however, it is genuine, as no decomposition at all is effected 
if no alkali be added,and conversely with stronger alkali the decomposition 
is greater. Thus with ‘4°/, Na,CO, 12°/, was decomposed after 2 days, 
and with ‘8°/, Na,CO,, 16 °/,. 

’ The next table shows the values obtained with a dilute alcoholic 
extract of the mucous membrane of pig's intestine. This extract was 
a weak one, the rate of decomposition of the peptone being only about 
half as great as before. The products of digestion time into quantity 
of ferment show a moderately close agreement, except the 50 °/, values. 
The digestions were continued for 8 days, but even then only 68°/, 


of the peptone was decomposed by the maximum amount of ferment. 


Hours required to digest Time x quantity of ferment 


Mpc p.c. 20 p.c. pec pc Mpc 
8 4°9 39 10°4 39 118 810 
4 27 10°2 §28°7 62 10°8 250 
2 56 200 49 110 112 40 98 220 
1 120 40 119 . 12°0 40 119 
5 24°4 104 122 52 


The law of action of the pancreatic peptone-splitting ferments is not 
so simple as that of intestinal erepsin. As will be proved later on, the 
peptone-splitting is due only in part to the trypsin, more than half of it 
being effected by an entirely different ferment, which may be termed | 
pancreatic erepsin. Probably these two ferments interfere with each 
other's action, for it was found that as a rule the digestion times did not . 
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decrease in proportion to the increase of ferment. In Fig. 3 are plotted 
out the values obtained with a dilute alcoholic extract of pig's pancreas 
(1 part of minced gland substance to 1 of methylated spirit and 3 of 
water) acting upon filtered Witte-peptone solution. Volumes of extract 
varying as 64 to 1 were used, and the digestions were continued for 
8 days. It will be seen that the experimental values are in fair agree- 
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ment with the smoothed curves. The digestion mixture containing 


‘5 part of ferment underwent putrefaction after 2 days, but for the sake 


of completeness the curve has been continued about midway between 
the curves on either side. In the table are given the times of digestion 
of various percentages of peptone, together with the products of time 
into quantity of ferment. It will be seen that some of these latter values 
by no means approach equality. Especially is this the case as regards 
the 20°/, digestion values. With 8 parts of ferment the product is 
nearly four times greater than with ‘25 part, or in other words the rate 

of digestion was relatively only a quarter as rapid. The 30 °/, digestion 
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time values show a much greater resemblance, and except in the case of 
the values obtained with 8 and 4 parts of ferment are nearly equal. 
The 40, 50 and 60°/, values all correspond fairly closely, so that within 
certain limits the law of inverse proportion holds for pancreatic ferments 


: almost as well as it does for intestinal erepsin. 


Hours required to digest Time x quantity of ferment 
Parts of A — 
ferment pe. Np. 60 p.e. 20 p.c. Np.c 60 p.c. 
8 3°7 9°8 23°3 | 6°0 136 80 78 186 
2 16 i114 88 87 3°2 76 23 66 174 
1 2°3 72 236 64 192 2°3 72 24 64 192 
5 88 144 62 7 19 72 26 
"25 67 380 92 1°7 75 23 
"126 13°3 56 17 70 


In the next table are given the products of digestion time into parts 


of ferment obtained in two different series of experiments, one with 


@ glycerin extract of pig’s pancreas, and the other with a glycerin 
extract of sheep's pancreas. Peptone previously digested for a week 
with pepsin was used in both instances. The law of inverse proportion 


8 48 10°4 26°4 74 296 8-2 9°4 30 
4 35 86 200 59 #230 26 76 29 
2 2°3 53 13°6 61 820 1°7 6°5 34 880 
1 15 4°6 145 62 15 70 57 
5 13 36 14°3 60 10°2 

"25 14 149 

125 15 13°3 


does not hold so well as in’ the previous series, for in the case of the 


_ pig’s pancreas it is only the 50°/, digestion values which show much 


approach to equality. The last three of the 40°/, values correspond, 


but the 30°), values, as well as the 20°/,, diminish steadily with 
diminishing quantities of ferment. The values obtained with glycerin 


extracts of sheep’s pancreas are the most irregular of all, and they show 
a feature not exhibited by the two other series. Thus they for a time 
steadily diminish with diminishing quantities of ferment, and then 
begin to increase again. 

The maximum amount of peptone split up by the alcoholic extract of 
pig’s pancreas after 8 days’ digestion was 80°5°/,, and by the glycerin 
extract of pig’s pancreas after 4 days’ digestion was 67°8°/,. 


aa 
& 
J 
= 
A 
dg 
; 
ign 
“A 


340 M. VERNON. 


glycerin extract of sheep’s pancreas split up only 63°6°/, after 8 days, 
and this in spite of the fact that the initial stages of the digestion were 
more rapid than with either of the other extracts. There was in fact a 
much greater slowing down of the later stages of digestion than usual. 
This was probably due to a more rapid destruction of the ferment, but, 
as will be shown later, there are many and varying factors upon which 
the rate of progress of digestion depends, and hence this rate is subject 
to wide variations in different cases. With one extract it may take five 
times as long to split up 80°/, of the peptone as to split up 20°/,, and 
with another only 2 to 24 times as long. Also, as can be gathered from 
some of the above quoted data, the relative rate of progress of digestion 
is greatly influenced by the quantity of ferment used. Hence really 
accurate comparison of the ferment content of various. pancreatic 
extracts is almost out of the question, however exactly the rate of 
peptone-splitting be determined. Still it will be seen that by taking 
suitable precautions, it is possible in certain cases to attain all the 
accuracy that is essential: 


The differentiation of trypsin and pancreatic erepsin. 

It has always been assumed that the whole of the proteolytic changes 
brought about by the action of pancreatic juice or extracts are due to 
a single ferment, for until Cohnheim’s discovery of erepsin no ferment 
was known which would attack the products of proteid hydrolysis, but 
not the proteid itself. However the assumption is incorrect, for it was 
found that the fibrin-digesting and peptone-splitting powers of pancreatic 
extracts do not run in the least degree parallel. Fresh pancreatic 
extracts, containing almost all the trypsin in the form of zymogen, may 
have as great a peptone-splitting power as when the whole of the 
zymogen has undergone its conversion into enzyme. In Fig. 4 are | 
shown the curves of peptone digestion obtained with a glycerin extract 
of sheep’s pancreas which had been mixed with a third of its volume | 
of water. This permitted a fairly rapid conversion of tryptic zymogen 
into enzyme, and we see from the table that the tryptic value increased 
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from 18-9 to $8°1 in the first two days, aud then to 71°5 in the next four 
days; t.e. the rate of digestion of fibrin was increased about three- and 
five-fold respectively, The rates of digestion of 20 and 30°/, of the 
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peptone were likewise increased, but in nothing like the same proportion, 
whilst the rate of digestion of 40°/, of the peptone was almost un- 
changed, and that of 50°/, of peptone was considerably prolonged. Also 
the rate of peptone digestion after 23 days, when the extract had 
- attained its full tryptic value, was at all stages considerably slower than 
at first. These apparently contradictory results were obtained in every 
case in which the tryptic and peptone-splitting powers of a zymogen 
extract were determined during the course of liberation of the enzyme, 
and hence there is no doubt as to their validity. The explanation of 
them seems to be as follows. Pancreatic extracts contain two indepen- 
dent ferments, viz. pancreatic erepsin—which does not exist in the form 
of a soluble zymogen—and trypsin—which does. As the trypsinogen 
gradually undergoes its conversion into enzyme, it is able to assist the 
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erepsin to some extent in digesting peptone, but it likewise begins to 
attack and destroy the ereptic ferment itself. In the presence of much 
free trypsin, therefore, the initial stages of peptone-splitting may be 
- accomplished more rapidly than when none is present, but the later 
stages become relatively slower and slower owing to the increased 
destruction of erepsin. Finally the peptone-splittmg becomes slower 
than when little or no free trypsin is present, or erepsin alone is able to 
effect more decomposition than trypsin + (still undestroyed) erepsin. 
As is suggested by evidence to be adduced later, this is probably due to 
the tryptic ferment being able to attack the first part of the peptone 
with ease, but the other parts with greater and greater difficulty, whilst 
the ereptic ferment is more even in its action. In kept extracts the 
erepsin seems to undergo a slow destruction by the trypsin even at room 
temperature, and hence the peptone-splitting value steadily deteriorates, 
though the tryptic value may be almost unchanged. 

In order to calculate roughly the relative amounts of peptone- 
splitting ferment present, we can make use of the law of inverse 
proportion between time and ferment arrived at in the previous section. 
But obviously we should get very different results according as we took 
the times of digestion of 20°/, of the peptone, or of a higher amount. 
The 20°/, values are theoretically the best as they afford the best 
measure of the original peptone-splitting power of the extracts before 
the trypsin has had much time to destroy the erepsin. Unfortunately 
the actual times are so short that it is not possible to read them off from 
the curves with much accuracy. Still they must needs serve, and the - 
peptone-splitting value has been calculated from them by means of the 
formula : 

10 

volume. of extract in c.c. x digestion time’ 


In the present observations, the volume of diluted extract used was 
‘5 cc., or the equivalent of 375 c.c. of undiluted extract (this being 
added to 5 c.c. of 5 °/, peptone and made up to a total volume of 10 c.c.). 
The values are given in the last column but one of the above table, 
whilst in the last column are given the values calculated from both 20°/, 
and 30°/, digestion times. It was found that as a rule, and roughly 
speaking, the 30°/, digestion time was about three times as great as the 
20°/, digestion time. Hence the 30°/, times given in the table have 
been divided by 3, and a mean taken between them and the 20°/, 
times. The peptone-splitting values derived from these means are 
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very similar to the others, and hence either series may be accepted as 
representing the peptone-splitting values of the extract. 

Other series of observations upon the tryptic and peptone-splitting 
powers of zymogen extracts have been made in the case of pig’s and 
cat's pancreas. The accompanying table shows the results obtained 
with a 75°/, glycerin extract of pig’s pancreas which had been diluted 
with a quarter of its volume of water. The tryptic power of the extract 
increased sevenfold in seven days, and meanwhile the peptone-splitting 

power—as judged by the 20°/, digestion times—had increased by a 


Pig’s Hours required to digest 
extrac diated ‘value pc. pe. Mpc. Opec 
0 day 79 55 12:0 82 
1 day 119 2°8 55 119 32 
5 days 44-4 22 18 5-2 12°4 31 
56°6 27 1°5 50 13°0 38 
713 21 19 59 45 
Le 68°0 22 18 55 19°0 47 


half. Judged by the 30°), digestion times, there was practically no 
alteration of peptone-splitting power throughout. Even the 50°, 
digestion times kept constant for 5 days, but they when began to 
increase rapidly. 

_.The next table shows the results obtained with a concentrated 
glycerin extract of pig’s pancreas which had been mixed with an equal 
volume of water. This greater dilution caused the tryptic power to 
“er more rapidly. The peptone-splitting power also increased 


‘more rapidly than before, and after 9 days had more than doubled its 
original value. The rates of digestion both of 30°/, and of 40%, 
also increased with the tryptic power, but that of 50.°/, slowly diminished 
as in other cases. 

In the three series of observations thus far recorded, the extracts used 
contained a fair amount of free trypsin from the very outset, hence ‘it 
might be thought that this trypsin was mainly responsible for the 
initial peptone-splitting. The next table shows the data obtained with 
a glycerin extract of cat’s pancreas, which had a moderate peptone- 
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splitting power, but which contained practically no free trypsin at the 
beginning, and indeed very little at any time. In order to bring about 
the liberation of the enzyme, a third of a volume of water was added, 
together with 2°/, of an intestinal extract containing enterokinase. 
This extract of course contained erepsin in addition, but this had very 


toleane. Hours required to digest 


Cat’s pancreas extract value 
0 day + water only 70 
0 day + water +intestinalext. 83. 24 
lday ,, 2°3 78 3°4 
Sdays ,, 3°5 10°3 26 


little effect on the 20°/, digestion time. The maximum peptone- 
splitting power of this extract was about a third that of the previous 
extracts, whilst its maximum tryptic power was not a tenth as great. 
In other words, it contained a moderate amount of “a but very 
little trypsin. 

It is not possible, from the various data given ae to determine 
with any exactness how much of the peptone-splitting power of an 
extract is due to trypsin, and how much to erepsin. In the first series, 
during the liberation of trypsin from trypsinogen, the 20°/, peptone- 
splitting values increased from 19 to 38; in the second, from 18 to 27; 
and in the third, from 13 to 29. On an average, therefore, they became 
nearly doubled, and hence one may conclude that roughly half of the 


initial peptone-splitting power of a comparatively fresh pancreatic — 


extract is due to the trypsin, and half to the erepsin. We have seen, 
“however, that the final amounts of peptone split up are almost always 
smaller in the presence of the free trypsin than with erepsin only. 
Hence it-is practically impossible in any given case to say how much of 
the digestive action must be ascribed to one ferment, and how much to 
the other. It depends on the stage of digestion reached, and the 
_ further advanced this stage the relatively greater the proportion of 
peptone-splitting accomplished by erepsin and the relatively less by 
trypsin. 

A source of error which hen to be carefully investigated and defined 
in experiments with zymogen extracts lies in the fact that a certain 
amount of the zymogen undergoes conversion into enzyme during the 
course of digestion. The estimation of the tryptic value of an extract 
by fibrin digestion takes only about half-an-hour, and hence there 
is not sufficient time for the liberation of much enzyme. Peptone 
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digestions on the other hand extend over two days, or a sufficient | 
time for the whole of the enzyme to be liberated. It was therefore 
necessary to determine the actual rate of liberation of tryptic enzyme 
during the course of peptone digestion by a zymogen extract. Some of 
the concentrated glycerin extract of pig's pancreas mentioned above was 
used, and some of the same extract after it had been kept for 9 days 
with an equal volume of water, and had in consequence attained its full 
tryptic power. The tryptic value of the extract was always determined 
in the presence of equal amounts of peptone solution, which to some 
extent retarded its action upon fibrin. From the table we see that the 


Tryptic value of §Tryptic value of 
zymogen extract enzyme extract 


Pig's pancreas 
Originally 66 63-9 
After 2 hours at 38° with peptone 138 61°6 
After 25 27°2 512 


zymogen extract had doubled its tryptic value after it had been kept for 
2 hours at 38° with the peptone solution, whilst after 25 hours it had 
quadrupled it. Still even after this period the tryptic value was only 
half as great as that of the liberated enzyme extract kept under similar 
conditions with peptone. This enzyme solution had, in fact, undergone 
comparatively little deterioration, the actual loss of tryptic value being 
only 3°6°/, after 2 hours, and 20°/, after 25 hours. This result seems to 
contradict previous experience’, which showed that in the presence of 
“4 °/, Na,CO, about 70°/, of the enzyme might be destroyed in an hour, — 
and in the presence of water only, about 50°/,. The explanation is that 
the peptone exerts a marked protective influence over the enzyme. The 
protective action of proteids and peptones upon trypsin has been pointed 
out by Biernacki’, and more recently by Bayliss and Starling* 
I hope to discuss the matter more fully in a subsequent paper. 

_ The rates of digestion of the peptone by the zymogen and enzyme 
extracts, which are given herewith, show that though the earlier stages 


Hours required to digest 


fo p.c. 30 p.c. 40 p.c. 50 p.c. 60 p.c. 
Zymogen extract 13 81 68 18:1 23°0 
Enzyme extract 7 14 4°8 123 28°5 


of digestion by enzyme were more rapid, yet the final stage was 
distinctly slower in spite of there being twice as much free enzyme 
: 1 This Journal, xxvii. p. 283. 1901. 


2 Zeit. f. Biol. xxvm. p. 55. 1891. 
® This Journal, xxx. p, 71. 19038. 
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present,. Presumably, therefore, a large amount..of the erepsin 
had been destroyed by the trypsin, though it is possible that same 
of the retardation of the digestion was due merely to the collection — 
of greater quantities. of digestion products, produced by the activity 
of the greater amount of trypsin... It should be mentioned that the very 
rapid rates of digestion of the peptone in these experiments were due 
to the fact that four times as much extract was added as before. This 
was done in order to render the determination of the tryptic value 
of the digesting mixtures more easy. 

A similar series of observations was carried’ out in the case of the 
glycerin extract of sheep’s pancreas already referred to. By the time 
that the portion of extract mixed with water had attained its full tryptic 
power (or after 20 days) the undiluted extract had spontaneously 
attained nearly double its original tryptic value. Hence the conditions 
of experiment were somewhat different from those obtaining in the 
original series of comparisons of tryptic and peptone-splitting powers, 
and they differed also in that the digestions were carried out with 
filtered Witte-peptone, and not peptic peptone. From the figures 
given in the table, we see that the zymogen extract had increased 


Originally 18°8 81°1 
After 2 hours at 48° with peptone 75°5 
After 25 ,, 


” ” 23°5 27°2 


in value by about 70°/, after being 2 hours at 38° with the peptone, 
but it then diminished. As compared with the pig’s pancreas observa- 
tions, there was a very rapid destruction of ferment. Thus the enzyme 
extract had lost 66°/, of its tryptic power at the end of 25 hours, and 
in fact possessed only a slightly higher tryptic value than the zymogen 
extract, The rates of digestion of the peptone show the same kind 
of relationship as the previous series, the enzyme extract digesting 
more rapidly at first, and less rapidly afterwards. 


_ Hours required to digest : 


_ Bymogen extract 6 19 .62 210 
extract = 17 446 50 
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The tryptic and peptone-splitting powers of kept extracts. 
_ Tt has been shown in previous papers! that if pancreatic extracts 
be kept for days or months and tested from time to time, the tryptic 
and rennetic powers, being independent of each other, often both increase 
and diminish at very different rates. The same thing holds as regards 
the tryptic and peptone-splitting powers. Some minced pig’s pancreas 
was divided into two portions, and one portion was mixed with 3 parts 
of glycerin and 1 of water, and the other with 3 of water and 1 of 
methylated spirit. From time to time small samples of the extracting 
liquids were filtered off, and tested in respect of both tryptic and 
peptone-splitting powers. The glycerin extract showed comparatively 
little variation of peptone-splitting power throughout, although the 
tryptic power gradually increased from 7°9 to 100.. The dilute alcohol 


_ (glycerin) (20 +- 30 p.c. 20 p.c. 30 p.c. 40 p.c. pec | 
Sdays 54 12°5 31 

13 ,, 23 19 ig | 25 
30 $8. 9°3 24 
36, 100 26 16 43 11*1 29 


extract, on the other hand, reached almost its full tryptic power after 

2 days, the actual maximum—attained after 6 days—being only half 
as great as that of the glycerin extract. The peptone-splitting power 
varied almost part passu with the tryptic, and reached a value half as great 
egain as the maximum attained by the glycerin extract. The final ratio 
between tryptic and peptone-splitting powers was thus very different, 


Time of Hours required to digest 


50 p.ce 
213 26 10°1 24 
Qdays  48°1 85 11 86 20 
41 9 81 96 24 
43°2 44 8 30 98 25 
1% 4:4 12°4 40 
270 26 5-0 17°8 48 
4: 24 1°4 210 - 49 


it being as 3°8 tu 1 in the glycerin extract, and as-1°0 to 1 in the alcoholic, 
Glycerin therefore proved to be the best preservative of the tryptic 
ferment, and dilute alcohol of the peptone-splitting ferment. Observa- — 
tions with other extracts gave a similar result. It was found that 


1 This Journal, xxv. p. 269, 1901 ; and xxvim. p. 448, 1902. 
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generally speaking the longer a glycerin extract were kept, especially if in 
‘eontact with the gland substance, the higher and higher became the ratio 
between tryptic value and peptone-splitting value. The accompanying 
table gives the ferment values of various glycerin extracts of pig’s 


Teypti value 
ue | +- 30 p.c.) 


4 days 69°6 21 88 
657 29 2°3 
36, 100 26 88 
months 156 45 3°5 
160 80 5°3 
145 30 4°8 


pancreas which were filtered off from the gland substance at the specified 
periods, and, if they still contained tryptic zymogen, allowed to undergo 
complete conversion into enzyme before testing. 

- As regards the preservative action of alcohol on the peptone- 
splitting ferment, several extracts of pig’s pancreas which had been 
filtered off from their gland substance and kept at room temperature for 
15 months were tested. Two of the extracts, which had lost 68 and 
66°/, of their tryptic power, had ratios of tryptic value to peptone- 
splitting value of 1:4 and 2°1 respectively. Two other extracts, which 
had lost 78 and 84°/, of their tryptic power, had ratios of ‘8 and 
‘7 respectively. The tryptic power of these extracts had therefore 
diminished at a greater rate than the peptone-splitting power. 

_ -‘This seemingly destructive action of glycerm and preservative action — 
of alcohol upon the peptone-splitting ferment is probably connected — 
with the presence of the trypsin, for no such relationship holds as regards 
the intestinal peptone-splitting ferment. As in the case of the tryptic, 
rennetic, and diastatic ferments of the pancreas, glycerin was found 
to be a better preservative than dilute alcohol. The following data 
were obtained with mucous membrane scraped off from pig’s intestine, 


Hours required to digest 
Glycerin = 8 days 18 19 77 22 
” 21 19 6°0 82 
” va 17 2°1 32 
” 27 12-0 85 
30°), aleohol 16 hours 10 119 28 
+ 2 days 16 23 8°5 22 
4 13 31 9°9 22. 
,, 8°5 46 14°4 
2 83 4°3 86 
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- one portion of which was mixed with two parts of pure glycerin, and 
another with two parts of 30°/, alcohol. Small samples were filtered 
off and tested from time to time as in the case of the pancreatic 
extracts. The glycerin extract reached its maximum peptone-splitting 
. power after 11 days, and then slowly deteriorated, whilst the alcohol 
extract reached its maximum after 2 days, and then deteriorated 
somewhat quickly. It will be seen that these data afford no evidence 
of the existence of a soluble zymogen of the peptone-splitting ferment 
comparable to trypsinogen. The increase of ferment power shown just 
at first is due either to physical causes (1.e. the slow soaking out of the . 
ferment from the tissue substance) or more probably to the ferment 
quickly splitting off from an insoluble zymogen, in some such manner 
as does the diastatic ferment of the pancreas'. In some other cases the 
extracting liquid was filtered off from the intestinal mucous membrane 
after a day or two, and tested from time to time, but it was never 
found to’ show any increase of peptone-splitting power. Hence pro- 
bably intestinal erepsin has no soluble zymogen. It has been assumed 
that the same is true of pancreatic erepsin, and that the whole of the 
increase of peptone-splitting power observed in kept extracts is due to 
the liberation of trypsin. Possibly this view is erroneous, but absolute 
proof in either direction is almost impossible. Certainly the data quoted 
fall most readily into line with the explanation given. 


The comparative stability of trypsin and of peptone-splitting ferments. 
The differences in the relative stabilities of the trypsin and erepsin 
of pancreatic extracts were examined by a method frequently used 
in previous work. This consists in keeping some of the extract with 
‘4°/, sodium carbonate at 38°, and determining the amounts of ferment 
remaining undestroyed at the end of one or more hours. In order 
as far as possible to avoid error in the estimation of the peptone- | 
splitting power, larger and larger quantities of the extract were used 
according as more and more of the ferment present was destroyed, so 
that the digestion rates of the peptone were in all cases nearly the 
same. Also, in order to avoid the disturbing effects which increasing 
quantities of extract might exert by reason of their containing digestion 
products and glycerin, the amount of extract added was always small. 
It was, for instance, ‘02 c.c. in the case of the original extract, and ‘20 c.c, 
after the extract had been kept for 24 hours with Na,CO, at 38°. The 


Cf. this Journal, xxvmt. p. 137. 1902. 
PH. XXX. 23 
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times of digestion of even 20°/, of the peptone accordingly extended 


to from 50 to 73 hours. From the data given in the table we see 


at 38° ue 
0 hour 1855 oy 20 
. 61 40 
58-1 18 
25 21 
23 hours 80°3 26 1°2 
66 42 
| 
by 89 46 
9°8 62 16 


that of the trypsin 61°/, was destroyed in the first hour, but of the 
peptone-splitting ferments, only 40°/,. During the next 1} hours the 
tryptic ferment was destroyed at the rate of 25°/, per hour (the 
destruction rate being calculated on the tryptic value ef the extract 
at the end of the first hour), and the peptone-splitting ferments at the 
rate of 21°/, per hour; during the next 64 hours, the tryptic ferment 
at 6°6°/, per hour, and the peptone-splitting at 42°/,. The rapid 
' increase in the stability of the trypsin still remaining undestroyed, 
which has been discussed at length in previous papers, is thus found 
~ to hold likewise in the case of pancreatic erepsin. It is to be noticed, 
however, that during the first 9 hours the peptone-splitting ferment 
always suffered less destruction than the trypsin. During the final 
15 hours it was destroyed more rapidly than the trypsin, so that 
ultimately there was not much more peptone-splitting ferment left 
than trypsin. The ratios between the two ferments are given in the 
last’column of the table, and we see that after 9 hours’ treatment with 
Na,CO, so much trypsin was destroyed that the extract contained— 
relative to peptone-splitting ferment—less than half its original pro- 
portion of trypsin. The final rise in the ratio is curious and unexpected, 
but I believe it is none the less genuine. Thus a repetition of the 
experiment with another glycerin extract of pig’s pancreas gave an 
almost identical result. 

Series of observations were likewise made with intestinal extracts. 
The destructive effect of -4°/, Na,CO, at 38° upon the ferment was 
much slighter than in the case of the pancreatic ferments, as may 
be gathered from the data given in the table. These were obtained 
with a glycerin extract of the mucous membrane of pig’s intestine. 
During the first hour 33°/, of the ferment was destroyed, or not much 
less than in the case of the pancreatic extract; and in the next two 
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hours, 13°/, perhour. After that, however, the ferment remained almost _ 
unchanged, only 10°/, of it being destroyed in 21 hours. The final | 

peptone-splitting value of the extract after 24 hours was 45°/, of its 
original amount, whilst in the pancreatic extract: above mentioned 
it was only 9*/,. The very much greater destruction of ferment 


‘0 hour | 
83 
8 hours 8-0 
19 
9» 71 
,, 3 
Cat Ohour. 100 
, 3 hours 5°8 


with the pancreatic extract must almost certainly be doe in 
part to the digestive action of the trypsin upon the erepsin. . 
In the lower half of the table are given the results obtained with 


a glycerin extract of cat’s intestine. So far as the incomplete-data can 


show, the stability of the serpent sei ferment increased even more 
rapidly than before. 


An attempt was made to separate the trypsin and erepsin of pan- 
— creatic extracts by means of fractional alcohol precipitation. Measured 
quantities of a 75%/, glycerin extract of pig’s pancreas were mixed with 
1, 15, 2 and 3 volumes of absolute alcohol, and after standing 24 hours 
the precipitates were filtered off, and the filter papers containing them 
placed in known quantities of water. The precipitates completely 
dissolved. in 2 hours, and at the end of this period the tryptic and 
peptone-splitting powers of the solutions were determined. Care was 
taken to use such quantities of solution as gave almost equal rates 
of digestion of peptone, each determination being performed in duplicate 
with in the one case twice as much ferment solution as in the other. The 
curves of peptone digestion obtained corresponded very closely, and 
so the data given in the right half of the table represent the relative 
peptone-splitting powers of the solutions of the précipitates with 
232 
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considerable accuracy. It will be seen that they increase regularly 
with the strength of alcohol used for precipitation, just as do the tryptic 


Filtrate Precipitate dissolved in water _ 
Glycerin ext. (+°67¢.c. aleohol) 87°7 69 13 3 
1 of ext, to 1 of alcohol 72°8 21°0 3°5 15°83 (88 17 
1 15 41°33 45 87°6 20°2 19 
1 ” 3 0 83°38 82°4 2% 
Glycerin ext. alone 1856 61 2°2 


values, though the ratios between the two ferments are not quite 
constant. In the left half of the table are given the tryptic and 
peptone-splitting powers of the filtrates... In determining these values, 
care was taken that the digestions should“always be carried out in the 
presence of equal quantities of alcohol. : The fibrin digestions were 
made in the presence of ‘67 c.c. of alcohol, and this reduced the tryptic 
value by 35°/,. The peptone digestions contained only ‘2 c.c. of alcohol, 
and as this had scarcely any effect on the digestion rate, the apparent 
ratio of. tryptic value to peptone-splitting value became considerably 
lowered. We see that in the filtrates the ratio between the two 
ferments underwent a very great and progressive rise. Compared with 
the original extract, the filtrate from a mixture of equal quantities 
of extract and alcohol contained relatively nearly three times more 
trypsin than peptone-splitting ferments, and that from a mixture of 
extract with twice its volume of alcohol five times more. The actual 
differences of precipitability of trypsin and erepsin must be much 
greater than this, for it is to be remembered that about half of the 
initial peptone-splitting power of an extract is due to the trypsin alone. 
Perhaps, therefore, the filtrates from extract and 15 or 2 volumes 
of alcohol contained no erepsin whatever, but owed the whole of the 
little peptone-splitting power they possessed to trypsin. As pancreatic 
erepsin is so much more readily precipitated by alcohol than trypsin, 
we should expect the solutions of the precipitates to contain relatively 
more erepsin than trypsin. The ratio of trypsin to peptone-splitting 
ferment in the original extract was 2°2, and the ratios in the solutions 
of the 1:1 and 1:1°5 precipitates were respectively 1°7 and 19. In 
their case, therefore, a relatively greater amount of erepsin was present. 
However the solutions of the 1:2 and 1:3 precipitates had ratios of 2-2 
_ and 2°6 respectively, or contained relatively more trypsin than erepsin. 
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This discrepancy of result may perhaps be due to erepsin being a less 
stable ferment than trypsin when precipitated by alcohol and redissolved 
in water. As has been shown in a ‘previous paper', and as may be 
_ gathered from the contents of the above table, only about 60°/, of the 
trypsin precipitated is subsequently recovered. In the present instance 
it appears that of the peptone-splitting ferment only about 54°/, or 
less was recovered. In any case, the differences in the relative 
amounts of trypsin and erepsin present in the alcohol filtrates from 
those in the original extract are so striking that there can be no doubt 
as to the difference in the precipitability of the two ferments. It was 
found by Cohnheim” that intestinal erepsin was much more readily 
precipitated by ammonium sulphate than was. trypsin, so the two 
_erepsins probably have similar precipitabilities. 

A few observations were made with a glycerin extract of sheep's 
pancreas, and it exhibited just as great a difference in the precipitability | 
of its two ferments as had the pig’s pancreas extract. The filtrates 
from mixtures of 1 part of éxtract with 1°5 and 2 parts of alcohol both 
had five times more tryptic power than cians ioe 
vere with the original extract. 


The differences of action of pancreatic and intestinal 
peptone-splitting ferments. 

_ Judged by the course of action of pancreatic and intestinal extracts 
upon partially digested peptone, pancreatic and intestinal erepsin must 
_ be regarded as entirely distinct ferments. It has already been men- 
tioned that some of the digestions were carried out upon filtered Witte- 
peptone solution, and others upon peptone which had previously been 
digested for a week with pepsin and ‘2°/, HCl. This treatment had 
very little effect upon the biuret test yielding groups, less than 5°/, of 
them being split up; but it seemed to have converted most of the 
albumoses present into peptone. Thus the addition of five volumes of 
saturated ammonium sulphate solution caused only a marked opa- 
lescence, of about the same density as was produced by the addition of 
half a volume of the sulphate to the undigested peptone. Comparative 
experiments upon these two samples of peptone with various pancreatic 
and intestinal extracts showed that the undigested peptone was most 
readily attacked by pancreatic extracts, and the digested, by intestinal 


1 This Journal, xxrx. p. 314. 1908. 
2 Zeit. f. physiol. Chem. xxx111. p. 438, 
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extracts. From the data given in the table, we see that pancreatic 
extract digested the oe solution inost rapidly, filtered Witte- 


es Hours required to digest 
Extract nigege 20 p.c 80 p.c. 40 p.c. 50 p.c. 
Alcohol ext., pig’s pancreas Witte | 17 4°3 9°7 80°8 
filtered Witte 4°6 12°38 40°1 
peptic 21°5 58°5 
Glycerin ext., cat’s intestine Witte 34 8°5 24°0 §2°0 
filtered Witte 40 9°3 30°0 70°0 
peptic 5°0 12°0 252 


peptone next, and peptic peptone the least rapidly. It is not known 
why the filtration of the Witte-peptone solution should have diminished 
its digestibility, but perhaps the small quantity of solid matter exerted 
a protective influence on the ferment. Intestinal extract likewise 
digested unfiltered Witte-peptone solution more rapidly than filtered. 
In the initial stages it digested peptic peptone most slowly of all, but 
in the later stages most quickly of all. Some other extracts showed 
more striking differences of digestion rate than those indicated in the 
table. For instance an extract of sheep’s intestine after 48 hours had 
digested 51°/, of peptic peptone, and only 39°2°/, of filtered Witte- 
peptone, whilst on the other hand extract of sheep’s pancreas had 
digested only 45°4°/, of peptic peptone, but 58°1°/, of filtered Witte- 
peptone. 

The difference between the two peptone-splitting ferments is brought 
out much better by comparing their rates of digestion of peptone already 
partially digested. Portions of the 5°/, filtered Witte-peptone solution 
were kept for days or even weeks at 38° (in the presence of toluol) with 
small quantities of glycerin extract of pig’s pancreas, and of cat's 
intestine. After about 50°/, of the peptone had been split up in each 
case, samples were withdrawn and heated to boiling so as to destroy the 
ferment. The remainders were still further digested until 72°/, of the 
peptone was destroyed, when they too were heated to boiling. Still 
another portion of the Witte-peptone was digested for a week with 
pancreatic extract, whereby 42 °/, of the peptone was destroyed, and then 
for a fortnight with some intestinal extract, whereby another 39 °/, of the 

peptone was destroyed, or 81°/, in all, The rates of digestion of these 
_ various samples of partially digested peptone by a glycerin extract of 
pig’s pancreas are shown in the accompanying figure. The same 
proportion of extract to peptone solution was used in each case, and the 
ferment always acted in the presence of ‘1%/, Na,CO,. In estimating 
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the rates of digestion, each sample of peptone constituted its own 
standard, so that these curves represent the percentage rates of de- 
struction of the peptone on that present at the beginning of the diges- 
tions. We see that, as compared with normal undigested Witte-peptone 
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Fig. 5. Action of pancreatic extract. 


solution, peptone of which 53°/, had been previously split up by intes- 
tinal extract was attacked very much more slowly. Thus to digest 40°/, 
of it eleven times as long a period was required. Peptone of which 
72°/, had previously been digested by intestinal extract was acted on 
very much more slowly still, as can be seen from the curve. Slowest of 
all, however, was the digestive action of pancreatic extract upon peptone | 
already partially digested by pancreatic ferments. Peptone of which 
50°/, had been previously digested by pancreatic extract was not acted 


Hours required to digest Relative 


Nature of peptone 20 p.c. 80 p.c. 40 p.c. 
_ Filtered Witte 5 16 8°6 9°5 1 
58 p.c. destroyed by intestinal ext. 1°0 84 21 105 2 to 1l 
72 45 26 8 to 16 
50 ,, +panereaticext.  2°8 87 182. 5°6 to 51 
81 p.c. destroyed by pancreatic + in- 
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upoh more rapidly than peptone of which 72°/, had been digested — 
by intestinal extract. The peptone of which 42°/, had previously been 
digested by pancreatic extract and 39 °/, by intestinal extract was acted 
upon with extreme slowness, and even after 8 days had suffered a loss 
of only 11°6°/,. The times of digestion of various percentages of peptone 
are given in the table, and from them have been calculated the relative 
rates of digestion of the various samples of peptone. The times of 
digestion of 10°/,, etc., of the normal Witte-peptone were in all cases _ 
taken as unity, and the extreme variations in the rates of digestion 
calculated in relation to them. 

The results obtained in the corresponding diuentions with intestinal 
extract are shown in the next figure. ‘Here it will be seen that so far 
from partially digested peptone being attacked more slowly, it was in 
some cases broken down more readily than the undigested peptone. 
Peptone of which 50°/, or 72°/, had previously been split up by pan- 
_ ereatic extract was further decomposed to the extent of about 61°/, in 
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Fig. 6. Action of intestinal extract. 


‘four days, whilst of the previously undigested peptone only 54°/, was 
split up in the same period. The contrast between the action of the two 
peptone-splitting ferments is thus very marked, Intestinal erepsin 
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holds all peptones alike, and digests every portion of them with equal 
ease, provided no products of its own action have accumulated. The 
pancreatic peptone-splitting ferments, on the other hand, have a dif- 
ferential action, and digest the first half of the peptones 2 to 11 times 
faster than the second half, and 8 to 16 times faster than the last 
quarter. Kiihne’s well-known hypothesis of the existence of hemi- and 
anti-peptone in pancreatic digestion is thus to some extent supported, 
- though as far as my observations can show the peptones are not sharply 
divisible into two halves. Siegfried and his pupils’ have recently 
isolated and analysed several different peptones produced by peptic and 
tryptic digestion, and found them to differ in composition. Doubtless 
they vary also in their powers of resistance to the action of the pan- 
creatic ferments, and probably form a regular ascending series of stability. 
To intestinal erepsin, however, we must suppose they would all react 
alike. 

The slight increase in the digestibility of the partially digested . 
peptone which the results obtained with intestinal extract indicate, is — 
probably dependent on the conversion of the primary albumoses present 
in the Witte-peptone into deutero-albumoses and peptone. As Cohn- 
heim has shown, deutero-albumoses are much more readily attacked by 
erepsin than are primary albumoses, whilst peptone is the most readily 
attacked of all. A repetition of this experiment with pepsin-digested 
peptone gave a very similar result, so there can be little doubt of its 
validity. Thus samples of peptone of which respectively 40 and 54 "lo 
had been previously split up by the action of pancreatic extract were 
found to undergo digestion by intestinal extract at almost identically 
the same rates, these rates being moreover distinctly quicker than that 
observed with the peptic peptone ‘itself. | 

As regards the remaining curves in the above figure, we see that 
peptone previously acted upon by intestinal extract was digested by the 
fresh intestinal extract at a much slower rate than the undigested peptone. 
This is only what previous experience would lead one to expect, the 
retardation being no doubt due to the accumulation of the products of 
action of the ferment. Thus we see that: the more such products had 
accumulated, the greater the delay. The 72°/, digested peptone was 
acted upon more slowly than the 53°/, digested peptone, but the 81°/, 
digested peptone, in that only 39°/, or less of it had beeh split up by 
the previous action of intestinal erepsin, was acted upon more rapidly 
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than the 53°/, digested peptone. For some unknown reason, the experi- 
mental ‘values obtained with the 53°/, digested peptone were distinctly 
irregular, but as the true digestion-rate curve must almost certainly 
have resembled the other curves in general contour, the curve in the 
figure has been drawn upon this hypothesis, and not in strict ensesseorgal 
with the experimental values. | 
~ The times of digestion of various percentages of the peptones are 
given in the table, and it is instructive to compare them with the 


; Hours required to digest 3 Relative 
digestion 
Nature. of peptone Wpc Mpc Wpe rates 
Filtered-Witte 11 40 15 37 75 128 1 
50 p.c, destroyed by pancreaticext. 8 29 IL 27 5 97 Tto 8 
18 15 31 55 91 ‘7 to1l6 
testinal ext. 51 17 43 2940 46 
53 p.c. destroyed by intestinal ext. 1°9 14 65 = 1385 1°7 to 4°3 
12 5 ” ” ” 34 106 to 8'5 


corresponding values obtained in the pancreatic digestions. The most 
striking difference of all was obtained with the 81°/, digested peptone, 
for of this 37°5 °/, was digested in 4 days by intestinal extract, as against 
11°6°/, in 8 days by pancreatic extract, whilst the 10°/, digestion rate 
was about 24 times greater in the latter case than in the former. 

If the general “contour of the curves obtained with pancreatic and 
intestinal extracts be compared, it will be seen that most of the former - 
show a somewhat sharp rise during the first 8 or 10 hours, and then for 
the remainder of the 8 days a very slow ascent. The intestinal extract 
curves, on the other hand, show a much more gradual initial rise, followed 
by & moderately rapid ascent throughout the digestion period, This is 
no doubt due in large part to the essential differences in the action of 
the ferments, but it is to be remembered that pancreatic extracts contain 
two independent peptone-splitting ferments. As already suggested, it 
seems probable that trypsin can act with rapidity upon the first part of 
the peptone only. The subsequent hydrolysis would therefore be chiefly 
attributable to the pancreatic erepsin. Still this ferment likewise acts 
better upon the first portions of the peptone than upon the last, and so 
in this respect is probably intermediate between trypsin on the one 
hand and intestinal erepsin on the other. 

’ Almost as complete a series of observations as that described above 
was made with pepsin-digested peptone, of which samples were previously 
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split up with pancreatic extract to the extent of 40 and 54°/,, and with 
intestinal extract to the extent of 40 and 62°/,. The results obtained 
were in complete agreement with those recorded, and so need not be 
dwelt upon further. 


The effects of alkalinity and other conditions on peptone digestion. 
Cohnheim states that intestinal erepsin decomposes peptone best in 
neutral or feebly alkaline solutions, but does not act in feebly acid ones. 
I have not examined the influence of acids, but have determined the: 
effects of various degrees of alkalinity upon the action of the pancreatic | 
and intestinal ferments. The results obtained with pancreatic extract 
are given in the left half of the table. It will be seen that the digestion 


Glycerin extract of pig's pancreas Glycerin extract of cat's intestine 


3 Relative times : Relative times 
Medium in Hours required to digest ofdigestionof |§ Hours required to digest of digestion of 
which ferment 


was acting Dpc BWpc. Mpc. Wpa Mpc. Wpc Mpa Wpec. Mpc 


05p.c.Na.CO, 14 84 101 24 72 66 182 235 20 


rate became more and more rapid as the alkalinity increased up to 12°), 
Na,CO,. With 2°0°/, of Na,CO,, however, there was a retardation of 
the digestion, doubtless produced by excessive destruction of ferment. 
The final amounts of peptone digested after 2 days in the presence of 
05, °4, °8 and 1:2°/, of Na,CO, were respectively 50°9, 51°6, 52°9, 
52:1, 53°5 and 51:2°/,, or practically the same whatever the alkalinity. 
In the presence of 2:0 °/, Na,CO,, however, it was only 48°0°/,. 

The right half of the table shows the effect of alkalinity upon the 
action of intestinal extract. Though the digestion rate was favourably 
influenced by increased alkalinity up to a certain point, yet it appears 
that even from the first the alkali exerted a destructive influence upon 
the ferment. At the extreme right of the table are given the relative 
times of digestion of 30°/, and 40°/, of the peptone, as compared with 
the times of digestion of 20°/, taken as unity. From these ratios it will 
be seen that the relative time required to digest 30°/, of the peptone 


became steadily longer and longer as the alkalinity increased, whilst 
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that required to digest 40°/, became longer and longer in still more 
rapid proportion. That is to say, increasing alkalinity acts in two 
opposing senses. It more and more accelerates the action of the ferment, 
but it also more and. more rapidly destroys the ferment. Over a certain 
range of alkalinity these two opposite inftuences nearly neutralise each 
other, and we see that 30°/, of the peptone was digested in nearly equal 


periods of time (3 to 4 hours) though the alkalinity ranged from-4 to 


20°), Na,CO,, and 40°/, in nearly equal periods (20 to 235 hours) 
though it ranged from ‘05 to °4°/, Na,CO,. With an alkalinity of more 
than *4°/, Na,CO,, the final percentage of peptone digested was consider- 
_ably reduced. Thus after 2 days’ digestion with from ‘05 to ‘4°/, Na,CO, 
the amount split up varied from 50°6 to 51°2°/,, but with 8°/, Na,CO, 
it was only 40°3°/,; with 1°2°/, Na,CO, only 31°6°/,, and with 2:0°/, 
Na,CO,, 30°4°/,. In the presence of 1'2°/, Na,CO,, in fact, all digestion 
ceased after 74 hours, and in 2°/, Na,CO,, after 34 hours. That is to 
say, in these short.periods the whole of the ferment was destroyed. 

‘As compared with the relative digestion times of the intestinal 
ferment, those of the pancreatic are very instructive. We see that 
within the limits of experimental error they are nearly constant what- 
ever the alkalinity. In their reaction to alkalinity, therefore, the 


pancreatic and intestinal peptone-splitting ferments once again seem 


to prove themselves entirely distinct bodies. However, it should be 
mentioned that Weinland’, as the result of a few qualitative observa- 
tions, came to the conclusion that the two ferments were affected by 
alkalinity in the same manner, the action of both of them being delayed 
by the presence of ‘4 to 1°2°/, Na,CO,. This discrepancy of result may 
be due to the fact that Weinland took the time of disappearance of 
the biuret reaction as a criterion of ferment activity, and did not 
estimate the initial rates of peptone-splitting. 

It is a curious fact regarding the action of pancreatic extract, that 
within certain limits the ferment splits up almost exactly the same per- 
centage of peptone whatever the alkalinity of the medium in which it is 
acting. A few data illustrating this point have been quoted incidentally 
above, but others were obtained which are still better adapted to show it. 
These are reproduced in the accompanying figure. Here we see that 
8 parts of ferment (a glycerin extract of pig’s pancreas) had split 
up almost equal proportions of the peptone after 2 days, whether 
acting in water, or in ‘1, °4, or 1°2°/, Na,CO,. After 4 and 8 days, the 
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correspondence in the amounts split up was even closer as regards the 
action in water and in ‘1 to °4°/, Na,CO,, but in 1°2*/, Na,CO, there 
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was a retardation, due presumably to the destructive action of the 
alkali on the ferment. The correspondence in the amounts of peptone 
split up by 2 parts of ferment was closest of all, the actual values 
obtained after 8 days varying only from 60°4 to 61°5°/,. The a 

- vations with *5 part of ferment were continued only for 4 days. is 
period was sufficient to bring about an equality of peptone-splitting 
in the digestion mixtures containing ‘1 to 1'2°/, Na,CO,, but in water 
only the decomposition was still far behind. Presumably the amount 
of peptone split up in this latter medium would ultimately have 
coincided with that split up in the alkali, but a very long time would — 
have been required. Thus with 8 parts of ferment the curves of 
digestion almost coincided after 2 days’ action, but with 2 parts, only 
after 8 days’ action. With ‘5 part, perhaps 32 days would have been 
necessary. 


All the —— thus far described were carried out upon pepe: 
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digested peptone. Another series made with filtered Witte-peptone 
gave a like result. Thus 2 parts of ferment: after 4 days action in 
water, in ‘1°/, Na,CO, and ‘4°/, Na,CO,, had split up respectively 56°0, 
570 and 58°3°/, of the peptone, and after 8 days’ action respectively 
61:1, 61:2 and 63°3°/, of the peptone, or nearly identical amounts. 
There can be little doubt, therefore, that under the particular conditions 
of experiment described the ultimate proportion of peptone split up 
is within limits dependent solely upon the amount of ferment present. 
Though in 1'2°/, Na,CO, the initial rate of peptone-splitting is some 
14 times more rapid than in water, yet we find that after 2 or 8 or more 
days the actual amount of decomposition effected by the ferment is — 
constant. This is not because the ferment has been destroyed by the 
more powerful alkali (provided this be not above *4°/, Na,CO, in 
strength), for we see from the above curves that with 8 parts of ferment 
the peptone-splitting continued to progress at nearly the same rate from 
days onwards, whether it was in water, in ‘1 °/, Na,CO, or °4°/, Na,OO,,. 
These results on the face of them ‘seem to indicate that the ferment 
undergoes some definite chemical reaction when hydrolysing the peptone, 
and in so doing is destroyed. Thus they offer a direct contradiction — 
to the well-known and generally accepted hypothesis that a ferment 
is a catalytic agent capable of acting indefinitely provided that the 
products of its action are removed when formed. It is to be remembered, 
however, that owing to the extreme instability of ferments this hypo- 
thesis has never been submitted to adequate proof, and though I do 
not wish to deny its probable validity, yet I think that the above-quoted 
results give one some right to question it. It may be pointed out 
that these digestions were carried out under circumstances which were 
very favourable for testing the point at issue. The excess of peptone 
_ present affords a medium in which the peptone-splitting ferments can 
exist in a peculiarly stable condition; for, as already recorded, it was 
found that even after 25 hours at 38° only 20°/, of the trypsin was 
destroyed. Arguing from analogy, the total amount destroyed after 
8 days would have been only about 40°/,. : 

It may be said that if the decomposition effected by a ferment is 
strictly proportional to its amount, then the ‘5, 2 and 8 parts of ferment 
used in the above experiments, ought to have split up corresponding 
proportions of peptone. . As it was, they had split up about 45, 57 and 
67°), respectively after 4 days’ action. We saw, however, in a previous 
section that all peptones do not hold themselves alike in their reaction 
to the ferment. ' The first portion is easily and quickly split up, but 
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the subsequent portions with ever increasing difficulty. Again, the 
conditions of action of the ferment in the later stages of digestion are 
never the same as in the earlier stages, because of the greater and 
greater accumulation of the products of action. Only under very 
special conditions, therefore, could there possibly be any numerical 
correspondence between amount of ferment and degree of action. 

As regards the intestinal ferment, no close correspondence between 
the amounts of peptone split up in various media could be expected, 
because of the destructive action of the alkali. For instance, after 
8 days’ digestion of Witte-peptone by extract of cat's intestine, it was 
found that in ‘1°/, Na,CO,, 67°8°/, of the peptone had been split up, but 
in °/, Na,CO,, only 48°7 °/,. 

Temperature. ll the digestions thus far recorded were carried out 
at 38°C., but a few observations were made especially to test the effect 
of temperature. The results obtained with a glycerin extract of pig’s 
pancreas, acting in ‘1 °/, Na,CO, on pepsin-digested peptone, are recorded 
in the figure. . The temperatures given are correct to within ‘5°. It 
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will be seen that the rate of digestion increases with the temperature, 
rapidly from 15° up to 38°, and then more slowly. However, tem- 
peratures above 38° act destructively upon the ferment, for we see that 
after 6 hours’ digestion the peptone began to undergo more rapid 
‘ hydrolysis at 38° than at 45°, the two curves of digestion cutting one 
another at this point, Again, the 55° curve cut the 45° one after 
4°4 hours, and the 38° one after 5°2 hours. 

Temperature was found to have practically the same influence on 
the action of the intestinal ferment as on that of the pancreatic. For 
the sake of clearness the curves obtained are not given in the figure, 
but the actual times of digestion at the various temperatures are given 
in the table. The 20°/, digestion times vay from 1°7 to 16°4 hours, or 
as 1 to 9°6, whilst the 30°/, times vary as 1 to 9°5. Both the 45° and 
the 55° curves cut the 38° one after about 9 hours’ digéstion. The 


Hours required to digest 80 p.c. of 
20 p.c. 80 p.c. 40 p.c. Intestinal extract Pancreatic extract 
15°C. 16°4 31°5 6°8 6°1 
25° 5°8 118 21°2 2°6 27 
88° 2°3 46 92 10 
45° 2-0 3°7 9°7 *80 “79 
55° 17 8°3 9°0 “72 "54 


relative times of digestion of 30°/, of the peptone by the two ferment 
extracts are given in the last two columns of the table. Taking the 
times of digestion at 38° as unity, we see that for all temperatures up 
to 45° the correspondence is almost perfect. At 55°, however, there is 
a considerable difference, but as experimental errors are likewise 
increased at this high temperature, it cannot with certainty be accepted 
as genuine, 

Concentration of peptone. As already mentioned, all the digestions — 
were made with 5°/, peptone solution diluted up to twice its volume with 
alkali and ferment extract. The few observations made with other 
concentrations of peptone did not seem to indicate the existence of any 
simple relationship between concentration and digestion time, so they 
were not continued. For instance, with pancreatic extract the times of 
digestion of 30°/, of the peptone in solutions containing °625, 1°25, 2°5 and 
4°5°/, of peptone were respectively 1°4, 2°3, 3°0 and 9°7 hours. Digestion 
was. thus relatively the most rapid in 2°5°/, peptone, or the normal 
concentration, and proportionately slower at lesser or greater concen- 
trations than this. Intestinal extract, on the other hand, seemed to 
best in 1°25 °/, peptone, 
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Antisepucs. All digestions were carried out in the presence of a 
small quantity of toluol. In the table are recorded the results of a few 
observations—made with pancreatic extract—in which chloroform and 
1°/, sodium fluoride were used instead of toluol. Though the earlier 
stages of digestion were but little affected, yet in the later stages the — 
. chloroform exerted a distinct a and the sodium fluoride a 
still more considerable one. | 


Hours required to digest 
Antiseptic 20 p.c. 30 p.c. 40 p.c. 50 p.c. 
Toluol 10 8°5 9°2 17°5 
Chloroform 30 26 
1 p.c. sodium fluoride 10 40 26 42 


The action of peptone-splitting ferments on native proteids. 


_Cohnheim states that intestinal erepsin has no action upon 
proteids such as fibrin, vitellin and serum proteids, but Kutscher and 
_ Seemann? found that the mucous membrane of carefully washed dog’s 
intestine could digest itself slowly. After keeping some for two months 
in chloroform water, they found that 53 °/, of the solid constituents Kad 
_ passed into solution. However, this auto-digestion may have been 
effected by enzymes derived from the leucocytes present in the tissues, 
or by traces of trypsin which had been soaked up by the mucous — 
membrane, and not removed by the subsequent washing. Of the 
extracts used by me, those of cat’s and sheep's intestine had no 
appreciable action on swollen fibrin in 24 hours, whilst that. of pig’s 
intestine had a slight action. In the observations to be described 
extract of cat's intestine was always used, as there was less chance of 
its being contaminated with trypsin than in the. case of the other 
extracts, Thus the cat’s pancreas did not contain a tenth the proportion 
of trypsin present in sheep and pig’s pancreas. 

In order to obtain roughly comparable results, equal proportions of 
glycerin extract of cat’s intestine were allowed to act at 38° upon 2°5°/, 
Witte-peptone solution, 3°0°/, egg-white, and 2°0°/, serum (from ox — 
blood). Digestions were carried out in the presence of water only, 
of ‘1°/, Na,CO,, and of -4°/, Na,CO,, and were continued for 8 days. 
The amounts of proteid split up were determined colorimetrically, care 
being taken to keep the mixtures of alkaline copper sulphate, and 
proteid for about two hours before making the final colour comparison, 


1 Zeit. f. physiol. Chem. xxxv. p. 432. 
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so as to be certain that the maximum biuret tint had been reached. 
Some of the results obtained are reproduced in the figure. ‘The curves 
obtained for the digestion of peptone in water have been introduced for 
the sake of comparison, and it will be seen that they indicate a: much 
more rapid peptone-splitting than occurred with the proteids of blood 


serum or of egg-white. For the first day or so the action of pancreatic 


extract upon both serum and egg-white was assisted by the presence of 
‘1°/, Na,CO,, but subsequently digestion took place much more rapidly | 
in the absence of alkali. This must have been due to the destructive 
action of the alkali on the ferment, for in the presence of *4°/, Na,CO, 
digestion entirely ceased after a few hours, Thus of the serum proteids, 
17°0°/, was split up in 3 hours in the presence of -4°/, Na,CO,, but 
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only 19°0°/, after 4 days, whilst of the egg-white proteids, 9°0°/, was 
split up in 3 hours, and only 10°4°/, after 4 days. Even this slight 
decomposition was effected largely by the alkali, for -4°/, Na,CO, when 
acting without any ferment whatever split up 6:2°/, of the serum > 
proteids, and likewise 6°2 °/, of the egg-white proteids. _ 

Of the corresponding digestions carried out with intestinal extract, 
only two are represented in the figure. These show that in the 
presence of water only, the extract had the power of very ‘slowly 
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digesting both serum and egg-white proteids. After 4 days’ digestion 
_ 130°, of the serum proteids was split up, and 11°8°/, of the egg-white 
proteids, but then decomposition ceased. In the presence of alkali 
the biuret-test-yielding groups were split up more readily at first, 
but digestion entirely ceased after 24 hours. Thus in ‘1°/, Na,CO, 
9°2°/, of the serum proteids was split up in 4 hours, and 16:0 °/, in 
24 hours, and then digestion ceased, whilst in “4°/, Na,CO, 9:1°/, was 
split up in 4 hours, and then digestion ceased. Of these small amounts 
of decomposition, 3'1°/, was due to the ‘1°/, Na,CO, alone, and, as 
already mentioned, 6'2°/, to the -4°/, Na,CO, alone, so the ferment 
effected practically nothing when acting in “4°/, Na,CO,. Upon egg- 
white it had no action at all in -4°/, Na,CO,, the decomposition being 
no greater than that effected by the alkali alone. In *1°/, Na,CO, it 
decomposed 11°8°/, of the proteids.in 3 hours, and then ceased to act, 
but of this amount of decomposition 5°4°/, was due to the alkali alone. 

- These observations, so far as they go, may be held to support 
Cohnheim’s view that erepsin does not act upon native proteids ; for 
at best the action is an extremely slow one, and such as it is may be 
due to other ferments. They also indicate that even the pancreatic 
ferments act somewhat slowly on native proteids, as compared with 
their action on Witte-peptone. In fact they show that the complete 
splitting up of proteids is best effected by the cycle of processes which 
- occurs in the normal animal body ; «.e. first a hydrolysis to the albumose — 

and peptone stage by pepsin, and then a further hydrolysis to the 
crystalline decomposition product. stage by trypsin, pancreatic erepsin, 
and intestinal erepsin. 


SUMMARY. 


The peptone-splitting power of ferments can be estimated colori- 
metrically by means of the biuret test. If, for instance, twice as 
great a volume of the partially digested peptone-solution as of the 
undigested peptone is needed to give the same tint with alkaline copper 
sulphate when observed in a colorimeter, then 50°/, of the peptone must 
have been split up by ferment action. 

It was found that the biuret reaction took an appreciable time to 
develop its maximum tint. Immediately after adding peptone to copper 
sulphate and 4 °/, caustic soda, the tint is only 88°/, of the maximum, 
and it takes 5 to 8 minutes to reach this maximum. With egg-white 
proteids 12 seconds are required for the tint to reach half its full 
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value, and with serum proteids 36 seconds are required, whilst the 
actual maxima are reached-only after 12 minutes and 2 hours 
respectively. | 

The law of action of the peptone-splitting ferments of the intestine 
and pancreas was determined by acting upon a 2°5 °/, solution of Witte’s 
peptone (in some cases previously digested for a week with pepsin) with 
from 1 to 64 parts of ferment extract for 8 days at 38°, and estimating 
the amount of peptone destruction from time to time. It was found 
that the time required to split up any given percentage of the peptone 
varied inversely as the quantity of ferment; ¢g. 8, 4, 2 and 1 parts of 
ferment split up 30°/, of peptone in 49, 10°2, 20 and 40 hours 
respectively. | 

Of the peptone-splitting effected by pancreatic extracts, the larger 
part is due to pancreatic erepsin, a ferment entirely distinct from 
trypsin. Thus extracts which have little or no fibrin-digesting power— 
owing to the existence of the trypsin in the zymogen form—have a 
considerable peptone-splitting action. When the trypsin has become 
liberated from the trypsinogen, the extract may have twice as rapid an 
initial action on peptone, but the amount of peptone-splitting ultimately 
accomplished by it is always smaller than that by the zymogen extract. 
This is presumably due to the free trypsin destroying the erepsin. 

Neither pancreatic nor intestinal erepsin exists in a soluble zymogen 
form. 

The peptone-splitting and fibrin-digesting powers of kept pancreatic 
extracts vary independently, trypsin being more stable in glycerin 
extracts, and pancreatic erepsin in alcoholic. When kept at 38° with 
‘4°/, Na,CO,, the trypsin is for the first 9 hours destroyed at a much 
more rapid rate than the erepsin. However, pancreatic erepsin is 
destroyed more rapidly than intestinal erepsin, owing to the destructive 
action of the trypsin on it. 

Pancreatic erepsin is much more readily precipitable by alcohol than 
trypsin, Thus the filtrate from a mixture of extract with 2 volumes of 
absolute alcohol contained—relative to trypsin—only a fifth as much 
peptone-splitting ferment as the original extract. 

_ Pancreatic erepsin is a different ferment from intestinal erepsin. 
Thus when pancreatic extract was allowed to act upon Witte-peptone of 
which 53 to 72°/, had already been split up by the action of intestinal 
extract, its digestion rate was 2 to 16 times slower than with undigested 
peptone, and when acting upon peptone of which 50 to 72%, had 

previously been split up by pancreatic extract, 6 to 100 times slower. 
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Intestinal erepsin, on the other hand, acted somewhat more rapidly upon 
peptone of which 50 to 72 °/, had previously been split up by pancreatic 
extract than upon undigested peptone, whilst it acted only 1°7 to 85 
times more slowly on peptone of which 53 to 72 °/, had previously been 
split up by intestinal extract. In each case, therefore, the ferment was 
retarded by the products of its own action, but except for this intestinal - 
erepsin acted equally well upon all portions of the peptone, whilst pan- 
creatic erepsin acted more and more slowly according as less and less of 
the peptone still remained to be split up. | 

The action both of intestinal and of pancreatic extracts is accelerated 
by increasing alkalinity up to ‘4 to 1°2°/, Na,CO,, but the intestinal 
ferment—in contradistinction to the pancreatic—is at the same time 
more and more rapidly destroyed. Though the initial rate of peptone- 
splitting by pancreatic extracts is 14 times more rapid in 1°2 °/, Na,CO, 
than in water, yet the final amount of peptone decomposed is almost 
constant whatever the alkalinity, and seems to depend solely upon the 
amount of ferment present. Thus 8 parts of ferment acting for 8 days 
in water, in “1, “4 and 1°2°/, Na,CO,, split up respectively 723, 72°0, 
71°4 and 66:1 °/, of the peptone, whilst 2 parts of ferment acting in the 
same media split up respectively 613, 60°4, 61°5 and 60°4 °/, of peptone. 

In confirmation of Cohnheim, it was found that extracts of intes- 
tinal mucous membrane had little or no action on fibrin, and very little on 
egg-white and serum proteids. Even pancreatic extracts had a much — 
_ slower hydrolysing action on native proteids than upon Witte-peptone. 


The expenses of this research were defrayed by a grant from the Govern- 
ment Grant Committee of the Royal Society. 
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ON THE NUMBER OF NODES OF RANVIER IN DIF- 
FERENT STAGES OF THE GROWTH OF NERVE 
FIBRES IN THE FROG. By A. E. BOYCOTT, MB. 
Fellow of Brasenose College, Oxford. (Two Figures in Text.) 


(From the Physiological Laboratory, St Thomas’ Hospital, 
and the Pathological Laboratory, Oxford.) 


SINCE the early researches of Ranvier and Kélliker it has been well 
known that the distance between two of the structures known as ‘ nodes 
- of Ranvier’ in a nerve fibre is subject to considerable variations ; further, 
that this internodal length (or internode as it may be. called) is less in 
young than in old animals, and less in narrow than in wide fibres’. 
During the increase in length of a nerve fibre there might be either 
(1) an increase in the number of internodes, or (2) an increase in the 
- length of internodes, their total number remaining the same, or (3) a 

combination of both processes. It is the object of the present — 
_ to determine which of these changes actually occurs. : 

My experiments so far have been made upon frogs. The ini 
used is briefly as follows:—the total length of the sciatic nerve is 
measured, the average length of a single internode is found, and thus 
the total number of internodes in a single fibre running the whole length 
of the sciatic may be ascertained in frogs of different sizes. If this 
number remains approximately constant in large and small frogs, it 
follows that with the increase in length of the nerve there is an approxi- 
mately corresponding increase in the length in each internode. 

The application of this apparently simple method becomes however - 
less simple in actual practice, and each step in the process introduces 
possible errors. 

What is the best criterion of the “size” of the different animals ? 
In this series two measurements have been made-—(1) the total fresh 
weight and (2) the total length from the tip of the nose to the end of 


1 See A. Killiker, Handb. des Gewebelehre, 1. p. 8. 1896. 
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the urostyle when the animal is pressed out straight on its belly. If 
females are excluded and individuals of average development used, the 
weight probably represents fairly accurately the “size” of the animal, 
and it is a measurement which is more readily made with a small error 
of observation than is the measurement of total length. On the other 
hand, factors of varying degrees of moisture etc, may render this 
method of comparison very inaccurate. The total length may not be a . 
true standard of comparison for two reasons—(1) the possible error of 
observation is probably always at least a millimetre ; (2) it is not known 
whether the nose-urostyle length is proportionate to the total “size” of 
the body or of the lower extremities at all ages. An examination of the 
- table of results given below will show that the weight and total lenjrth 
do not vary quite together. Thus with a total length of 30 mm. the 
weight varies from 1°45 to 22 grms. (Ix—x11)'. The same four indivi- 
duals afford some evidence that the weight is the better criterion of 
“size,” for the higher weights are associated with greater measurements 
_ of the total sciatic length. It has however seemed preferable on general 
grounds to take the total body length as the main criterion of “size.” 

The total length of the sciatic. The upper end has been taken — 
throughout as the point of emergence from the vertebra of the upper 
of the two larger branches of the plexus. There is no good fixed point 
for the lower end; the one which has been adopted is the cut end 
obtained by cutting across the leg through the knee joint at right angles 
to the axis of the leg when it is in full extension. The leg with (most — 
of) the body was fixed for 24 hours in formalin and the measurement 
made on the nerve which was dissected out after having been thus 
fixed, 

. The average length of the internode. The ideal method by which 
to ascertain this would be to fix the nerve tm situ and to then measure 
the length of a large number of internodes. It has not however been 
found possible to do this. In large frogs the internodes frequently reach 
a length of more than 2 mm., and it is difficult to obtain sections 
running in the requisite plane for this distance. Such a prolonged 
search is required to find a sufficient number of internodes which lie 
wholly in one section that the method is practically inapplicable. It is 
also obvious that by this method above all others the short would be 
measured more than the longer internodes, and thus the average length — 


1 These numbers are the reference numbers of the different individuals which are 
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would appear to be too small. The attempt was next made to fix nerves 
in situ and then tease them up or dissociate the fibres in some other way. 
This too proved a failure. Finally attempts were made to dissociate the 
fibres in fresh nerves in order to get rid of the stretching, etc., which 
teasing with needles may introduce. A considerable number of methods’ 
were tried in various ways, but none succeeded; so ultimately, the fresh 


nerve was gently teased in 4 per cent. osmic acid, in which it remained 


for 24 hours; it was then sometimes teased.a little more, mounted in 
50 p.c. glycerine and examined, This method. is doubtless unsatisfactory 


in many ways, though the fibres which have been stretched can generally 


be identified and avoided. All the nerves which are included in the 
tables below were treated in precisely the same manner: the. results 
- thus obtained are probably inter se fairly comparable. 

In the preparations thus obtained, internodes were identified under 
a } in. objective, and then, with a lower power, the outline of the inter- 
node was traced with the aid of a camera-lucida. The figures thus 
obtained were measured against an appropriate scale wae &@ map- 
measurer. 

The part of the sciatic nerve—to which all these observations 
apply—which has been used throughout is a length of a few millimetres 
immediately above and including the bifurcation at the lower end. 

The deduction of an average internodal length from a series of cere 
measurements is complicated by at least three factors. 

1. As is well known the length of the internode varies with the 
diameter of the fibre in the sense that the fibres of greater diameter 
have the longer internodes. During growth the average diameter of 
the fibres increases’ and the average internodal length also becomes 
greater. An examination of the table below will show however that the 
internodal length increases proportionately more than the diameter, so 
that in a large frog the length of the internodes in a fibre of given 
diameter is greater than in a small frog. . 

In this table the results have been collected into four groups. 


1 Among other methods the following were tried: Ranvier’s alcool au tiers, 38 p. c. 
alcohol saturated with salicylic acid, Siehler’s fluid, nitric acid, nitric acid with pot. 
chlorate in varying combinations, sulphurous acid and cane-sugar, saturated oxalic acid, 
33 p.c. caustic potash, potassium bichromate, Landois’ solution, peptic and tryptic 
digestion, Ramsden’s urea method. I am indebted to Dr G. Mann, not only for suggest- 
ing some of the above to me, but for supplying me with the solutions. 

* E.A.Birge. Arch. f. Anat. u. Physiol. (Phys.), 1882, p. 485. 
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Average length corresponding to each 


Diam. 
205 631 657 660 667 797 ~ . 
701 772 742 789 846 9865 890 

770 819 770 878 968 1007 1069 1043 1177 

570 1000 766 1186 1102 1106 1248 1858 1861 1490 1511 1576 1766 


889 450 524 
428 525 592 


These results are shown graphically in the next figure. — 


2 5 10 

Fig. 1. The abscisse represent diameters in yu. The ordinates indicate the average 
internodal length corresponding to each diameter. The numbers affixed to each 
curve correspond with the numbering of the groups in the table. : 
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It is thus not possible to identify with accuracy the fibres at one age 
which have been measured (in another individual) at another age. It 
has however been the rule to measure the internodal lengths of the 
fibres with the largest diameters which were fond, a few smaller enes 
being included for comparison. The latter are relatively so few in 
number in each case that they have been included in computing the 
_ average internodal length for each individual. 

2. ‘The second disturbing factor is the great variation which is 
found in the internodal lengths in fibres of the same diameter. Thus 
in one instance (xxiii.) the figures are as follows: 


Diameter 1 9 10 18. 

max. 1180.4 2160 2230 2650 1950 2880 2150 

Internodal length J min. 770 ~ 660 540 750 560 930 1480 
aver. 991 1057 


3. Intimately connected with this is the third factor. This involves 
the question of the number of internodes which it is necessary to 
measure in order to arrive at an average value which is approximately 
correct. In the present series very different numbers have been 
measured in different instances, and in some cases the measurements 
are doubtless too few in number. The possible influence which this 
factor may exercise on the results can be gauged by considering the 
average internodal length for fibres of each diameter etc..found in 
successive observations of 100 internodes in the same preparation 
(case xxii.) : 


980 . 1162 1125 13800 81662 | 1148 
977 806 1025 1109 1189 «81140 1880 1142 
4th ,, 889 972 1147 1129 «81296 | 1099 
Sth 960 903 1074 #1047 (1149 «812946 | 1141 
6th ,, 985 1047 1151 1840 1464 1815 1800 8 1019 | 1267 


7th , ~ 955 1210 #41140 1240 1180 1401 1488 | 1242 
Generalaverage 912 1018 1062 1147 1246 1280 1256 1416 | 1iss— 


The results which have been obtained from the examination of the 
nerves of 26 frogs of different ages are set out in the following table. 
In explanation of this table, the only further point which requires 
mention is that the average internodal lengths for the fibres of the 
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highest and lowest diameters in each instance are in most cases derived 
from very few measurements, and are hence particularly unreliable. 

a Some of the results are also shown graphically in the subjoined 
i figure ; this shows that the increase in the length of the sciatic which 
| | takes place during the growth of the animal is roughly parallel with 
the increase in the average internodal length over the same period. 


N 


nm 


1300} 

WA | 

i 900. 
30 


20 40 50 60 
Fig. 2. The abscissm represent the total body length in mm. The ordinates indicate the 
average internodal length (thick line), length of sciatic (thin line), and total number 
of internodes in the whole nerve (dotted line). When more than one individual case 
falls on the same point of the base line, the ordinates represent the average of 
these cases. 


¥ 


a 
q 
an 
ag 
f= 
cK 
4 700 
A 
oy 
4 
o* 
= 
- 
a 
> 
ig 
4 
+ 
f 
/ 
4 


# 
t 
& 
¥ 


NODES IN NERVE FIBRES. 377 


'. Apart from actual variations in different individuals and errors of 


observation, there is no reason to think that the thin line (length of 
sciatic) would be other than straight; the deviations of the thick line 
(internodal length) from the same figure are not much greater than 
those of the thin line. If the two lines are to be regarded as being 
practically parallel, it follows that the number of internodes in the whole 
sciatic nerve should be found to be constant. The table shows that 
this number varies from 27°6 (xxiv.) to 38°6 (xxvi.) in the whole series 
of 26 frogs; excluding those cases where less than 100 internodes were 
measured from 28°7 (vii.) to 38°6. 

The error in average internodal length which may be present. when 
only 100 internodes are measured has already been mentioned: In the 


instance there quoted the extreme averages were 1099 and 1267 p, 


corresponding to 40°9 and 35°5 internodes. It is thus obvious that at 
least half of the difference between different individuals in the series 


_ may be due to error of observation in one particular only. A further 


part of the difference doubtless arises from the natural variability of animal 
structures, though it is impossible to say for how much this accounts. 

The individuals may also be divided into four § groups, when the results 
appear as follows: 


4 Average internodal agg number 

| of intern 

L Il. TIL. Iv. 

<80 8 26°75 1238 182 687% 582 813 54h 83:3 689 81 
IL 9 9831 262 21 7438 755 3832 710 3853 7386 984 
Ill 40-49 2 440 6°47 845 1017 990 848 944 86° 984 285 
IV. >650 7 


The “average” internodal length may be calculated in three 


different ways, each of which is given in the above table. Column IL 


represents the average of all individual internodes; IT. the average of 
the averages for each individual (1.¢. of the figures given in the fifth 
column of the large table, p. 375); III. the average of the averages for 
each diameter of fibre; and IV. the average of the columns I, IT., and 
III! It appears from these figures that there is a small increase in the 


. It must be remembered that the number of internodes measured was not the same in 


each case, and that the distribution of individuals within the groups is irregular. 


54-4 17°78 466 1310- 35°5 1876 83°8 1233 37°77 1306 36 
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number of internodes during the growth in length of the nerve. The 
increase is small, yet it is regularly progressive. It may be due to 
ordinary errors of experiment, while on the other hand it may represent 
an increase which actually takes place. There is one special circumstance 
which renders it suspicious. This is the fact that the longer an 
internode, the less likely is it to remain unbroken and capable of being 
traced throughout its length: the longer internodes will in this way not 
be measured as often as they should, and hence the average internodal 
length will be the smaller than it should be proportionately to the 
increase in the length of the internodes. This would account for the 
increase which is seen in the table, but whether it is the whole 
explanation it is impossible to say. Assuming that the figures are 
in the main correct, it must. be concluded that there is a small (and 
somewhat doubtful) increase in the number of internodes, 
though the main part of the total increase in length is due 
to an increase in the length of individual internodes, In 
the grouped series the former increases some 15 per cent., the latter 
about 120 per cent. On the view, which seems to me the correct one, 
that the nerve fibre (including the axis) is made up of segments, these 
results may be regarded as applying to the number of cells in a nerve. _ 
Similarobservationson mice and guinea-pigs are at presentincomplete. 
The following measurements show that the internodes are shorter and 
_ relatively wider in the mouse and relatively shorter still in the guinea-pig. 


Av. internodal No, of 
Body length Weight Length of sciatic | length internodes 
Mouse 80 mm. 13 grms, 25 mm. 54 
90 29 560 52 
. Gninea-pig 435 76 785 103 


Average internodal length for diameters of 


Sciatic length 5 8 9 10 
Mouse 29 440 456 © 480 548 572 608 592 


During the progress of this work opportunities have occurred of 
investigating several subsidiary points. : 
The lengths of successive internodes in the same fibre are usually 
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about the same, though sometimes wide differences are seen. As 
examples may be quoted (lengths in uw x 10) :— 


(1) about the usual series: 


73, 55, 69, 58, 57, 55, 54, 
(2) more than usually similar: 


is 451, 53, 52, 52 / 105, 104, 105, 98, 99. 
(3) more ‘dus usually different : 


162, 198, 265 / 121,54 / 108,131,86 / 105, 54, 108. 


(4) sometimes there is a steady increase or decrease in length in 
the successive internodes, as : 


88, 44,45 / 58, 60, 72, 86, 96,94 / 126, 114, 106, 87, 76, 68 


Little has been seen of the very short internodes described by 
J. Renaut? as occurring in a series of long internodes, The best 
examples which have been met with are those given above. In a 
mouse a single very short internode was found measuring but 108 p 
long and 7°5 w wide, the average length of fibres of this diameter being 
about 550 pu. 

The position of the nucleus never deviates far from the mid-point of 
the internode, though it is hardly sufficiently often exactly central to 
allow the distance from nucleus to nucleus or twice the distance from 
nucleus to node to be taken as a fair measure of the internodal length. - 
No evidence could be obtained that two nuclei tended to be nearer an 
intervening node: such a condition would be suggestive of multipli- 
cation of internodes. Its occasional occurrence (never to a marked 
degree) is probably only “accidental.” On no occasion was more than 
one nucleus seen in one internode. Considerable search was made in 
both teased preparations and sections for evidence of mitosis in the 
nuclei of the sheath of Schwann: none was found. 

In conclusion I have much pleasure in acknowledging the great 
kindness with which Dr Leathes and Dr Ritchie have placed their 
laboratories at my disposal. 


1 Arch. de Physiol. (2) ym. p. 174. 1881. The observations of Vignal on the 
intercalation of extra internodes refer to a period of development prior to that which 
convincing. (Archives de Physiol. 1888.) | 
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SOMMARY. 


During the growth of the sciatic nerve in the frog the average 
distance between two nodes of Ranvier increases proportionately to the 
- jnerease in the length of the whole nerve. The number of internodes 
thus remain approximately constant at all ages. There is a small 
increase in the total observed number; there are however reasons for 
thinking that this is due to errors of method. 
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INTRAVASCULAR INJECTION OF SALTS AND OF 
NUCLEO-PROTEID. By J. A. MACWILLIAM, MD. 
Professor of Physiology, with A. H. MACKIE, M.D.,. anp 
CHARLES MURRAY, MD., Assistants in Physiology + 
the University of Aberdeen. (Fourteen Figures in Text.) 


: (Prom the Physiological Laboratory of the University of Aberdeen.) 


Part I. INJECTION OF SALTs. 


In this investigation we have used solutions of sodium carbonate, sodium 
sulphate, and magnesium sulphate such as are commonly employed as 
anti-coagulants in blood-pressure experiments ; and also solutions of 
sodium citrate and sodium oxalate. Further we have tested the effects 
of weak solutions of sodium carbonate—usually employed as a solvent of 
nucleo-proteid in experiments on intravascular coagulation; we have 
_ tried sodium.sulphate in the same way, and we have compared the action 
of these with that. of solutions containing nucleo-proteid. 

Method. . Rabbits and cats were used—most commonly the “Secale 
anesthetised with chloroform and chloral ; the cats were anzsthetised 
with chloroform with or without chloral or morphia. Blood-pressure 
tracings were taken from the left carotid artery by a mercury or a 
Hiirthle kymograph. Cannule for injection were placed in the central 
—and often also the peripheral end—of the right carotid artery and in 
the central end of a branch of the jugular vein near the origin of the 
branch—so that the solution injected passed into the stream of blood 
flowing along the venous trunk and no stagnation of the injected fluid 
was possible. 

Respiration was recorded in two ways—{1) by an india-rubber bag or 
a Utrecht tambour tied over the epigastrium by a band passing round 
the lower part of the thorax and connected with a recording tambour; 
(2) by a recording tambour connected with a large bottle (27 x 20 cm.), 
which was in turn connected with a tracheal cannula by a very short, 
wide tube. A third outlet from the bottle was kept open except during 


* the periods when a respiratory tracing was being made;; it was found by 
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experiment that the closure of this outlet for much longer periods was 
not attended by any dyspnea. The importance of a short, wide connec- 
tion between the trachea and the bottle has been emphasised by Hering, 
Head and others. As a rule the tracings obtained in this way gave 
results corresponding with those got by the first method, but this was 
not invariably the case, contradictory evidence being sometimes given 
on certain points. (All tracings are to be read from right to left.) 

-In such instances we have relied on the second method, as the 
_ tambour tied on the epigastrium is liable to be influenced by contrac- 
tions of skeletal muscles other than those of ordinary respiration’, etc. 
- Marekwald? states that rabbits, except when they are affected by 

extreme dyspnoea, breathe exclusively with the diaphragm. 

In the tracings got by the first method the upward movement 
indicates inspiration ; with the second method the downward movement 
is inspiratory. The time record in all cases shows seconds, 

Sodiwm Carbonate Solution® (saturated or of sp. gr. 1087) injected 
into jugular vein. The respiration is most easily influenced, the precise 
character of the changes induced varying with the dose, ete. There may 
be merely a diminished expiratory movement with little change other- 
wise or accompanied by marked acceleration. The increase of tone may 
amount to inspiratory spasm (Fig. 1) of varying duration, followed by an 
expiratory movement and by recovery or by prolonged inspiratory tone. 
Recovery may occur after the respiration has been arrested in this way 


for very considerable periods, the heart action being well maintained— 
though slowed—meanwhile. 


a The diaphragmatic movement may not in all cases be a true indication of changes in 
the volume of the lungs. 

2 The Movements of Respiration (tranal. by Haig), p. 2. ‘London, 1888, 

* The only reference we have been able to find in this connection is in a note in 
Johansson’s paper on the relation of blood-pressure changes to pulse-rate in the Arch. 
f. Anat, u. Physiol, 1891, Physiol. Abth. 8. 117, where he states the results got in ccntrol 
experiments on one animal (dog) under very special conditions—the spinal cord being cut 
across at the 2nd cervical vertebra, and both vagi and cardiac augmentor nerves also 
divided. His results were: 1—10 c.c. 2°5°/, sol. of sod. carb. injected into the ext. jug. 
vein gave a transient lowering of arterial blood-pressure ; 10 ¢.c. led to a considerable rise 
of pressure. Larger quantities induced decided (temporary) slowing of the pulse. Strong 
solution (sp. gr. 1087) injected into the carotid artery affected the blood-pressure only 
after 15—20 c.c, introduced, At first there was a rise of pressure without change in 
pulse-rate ; after several injections, temporary slowing of the heart, but this was not 
80 easily induced as by injection into the jugular. Johansson remarks that with an 
intact vaso-motor apparatus the pressure might possibly be more readily affected ; under 
the special conditions of his experiments he concluded that considerable amounts of 
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_ The displacement of the base line in the direction of inspiration is 
specially extensive in tracings made by the first: method (Fig. 2). 


Fig. 1. x. Rabbit, 1°86 kilo. Vagi intact. Injection of 1 ¢.c. saturated Na,CO, into 

jugular. Upper tracing from tambour on epigastrium; lower from trachea. : 

Fig. 2. Rabbit, 2°33 kilo. Vagi intact. 1 0.c. sat. Na,CO, (warm) injected into R. ext. 
jugular. Blood-pressure, Hiirthle. Resp. tracing by 1st method. | 


_ After section of the vagi the respiration can still be affected by 
injections, but apparently not so readily, particularly as regards the 
change in inspiratory tone, which may be absent, the respiration being 
weakened or arrested for a time in expiration (Fig. 8). Larger doses 
however can still cause increased inspiratory tone or spasm oprenetsceae | 
by rigidity and tremor in skeletal muscles, 


Fig. 8. Rabbit, 2 kilo. Vagi cut. 2 0.0. Na,CO, sol. of sp. gr. 1087 into R. ext. sp 
Respiratory tracing from india-rubber bag tied round lower part of the thorax. Blood 


The change in respiration does not pee for a number of seconds 
after the of the injection. 
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The intervening time is apparently sufficient to allow some of the 
sodium carbonate to have reached the respiratory centre. | 
Doses of 1 ¢.c, 6r more cause very marked falls of arterial pressure, 
the extent of the fall varying according to the rate of injection etc. (Fig. 4). 
This effect is not obviated by section of the vagi, thus differing markedly 
from the fall which Brodie found to occur from the injection of blood- 
serum, into the jugular vein in the cat’. 


Fig. 4. x4. Cat, 2°50 kilo. Vagi intact. Hg kymograph, 1 c.c. of warm sat. sol. of 
Na,CO, into jugular. Respiration which had been at 24 per min. was arrested for 
14 secs.; then rapid spasmodic breathing for 7 secs., followed by stoppage for 7 secs., 
with scibiegnun’ gradual recovery. The period of spasmodic breathing coincides with 


When the heart is beating at a moderate rate under the tonic con- 
trolling influence of the intact vagi, injection (1 c.c. ete.) into: the jugular 
leads to marked cardiac acceleration—especially pronounced while the 
pressure is falling (Fig. 4). After the vagi have been cut or atropin given 
there is relatively little change in pulse-rate, unless repeated or large 
doses are used, when marked temporary slowing results, whether the 
vagi are intact or not. 

Large or-repeated doses of sodium carbonate lead to a final arrest of 
respiration, while the blood-pressure takes a considerable time to fall to 
0—eg. in a rabbit 6 min. were required, while the heart continued to 
beat for 8 min. longer. | 2 

The effects on the heart vary according to the rate of injection and | 
the amounts used. Marked stimulating effects of a temporary character 
may be seen if the heart was in a depressed condition from other causes 
when the injection was made; the tone of the left ventricle may be 
increased to a — extent. 


This Jouenst, ps 1900, 
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On the other hand, too rapid and copious injections may paralyse 
the action of the heart in two or three ways. The left ventricle may 
become tonically contracted to a very marked extent, while rhythmic 
contraction is still evident, and there is a change of a similar nature, 
though less in degree, in the L. Au.; at this time the R. V. and R. Au. 
are distended with blood, and their contractions are very ineffective. 

A second mode of cardiac failure is where the rhythm of the venous 
terminations and the auricles is abolished while the ventricles go on. 
beating for a considerable time; the left side of the heart may pulsate 
longer than the right and the L. V. be the last part to fail. Such 
a mode of failure presents a curious contrast to the order of dying 
commonly seen (asphyxia, etc.) where the less highly specialized portions 
of the organ—venous terminals and auricles (especially the R. Au.)— 
are, as is well known, the parts that survive longest. 

_ Another noteworthy effect often seen is a partial or complete inter- 
ruption of the auriculo-ventricular sequence, so that the ventricles 
respond only to each second or third auricular beat, or may beat in quite 
an independent fashion—while the ventricular systoles are still strong 
and regular at their own slowed rhythm (Fig. 5). Complete blocking 


Fig. 5. Rabbit, 1°30 kilo. Vagi cut. Thorax opened. Artif. resp. 3 c.c. sat. Na,CO, 
sol. into jugular. Blocking (incomplete) between Aus. and Vs. Blood-pressure, Hiirthle. 


between auricles and ventricles can be readily demonstrated in some 
instances where the ventricles continue beating and are very excitable 
to direct stimulation, but entirely fail to respond to contractions arti- 
ficially excited in the auricles. (In these cases the auricles fail to 
pulsate spontaneously.) 

The gradual injection of large amounts of sodium carbonate causing 
a great increase in the alkalinity of the blood does not cause any evident 
increase in vascular tone, such as Gaskell found to result from the circu- 
lation of minute amounts of alkali in the frog’. After death, in animals 
that have had large doses of sodium carbonate, rigor mortis occurs 
strongly in the skeletal muscles, while the cut surface of the ngid 
muscle is still strongly alkaline to litmus paper. 


1 This Journal, m. p. 48. 1880. 
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Sodium carbonate solution injected into the central énd of carotid 
artery. The effects are different in character from those caused by 
injections into the jugular, and much more powerful. A dose of ‘06.c.c. 
or more causes marked effects and these are manifested mach more. 
quickly. 

There is a of the expiratory movement 
which may amount to arrest of respiration in a state of respiratory 
spasm, accompanied often by rigidity and tremor in the skeletal muscles, 


giving place after a time to clonic spasms (Fig. 6). Sometimes, with — 


Fig. 6. Rabbit, 1°20 kilo. Vagi intact. 15 c.c. into carotid. Respiration recorded by 
| first method. General muscular spasm and tremor. Recovery. 


very small doses, temporary slowing and weakening of the respiration 


are seen, with little change otherwise; in one instance the respirations 
became slower and larger, then quick and feeble for some time. The 
late effects of an injection may often be seen in the form of slow 
variations in the level of the tracing and in the height of the respirations 
lasting for a considerable time, ¢.g. minutes. 

After section of the vagi the respiration is sometimes weakened and! 


| stopped in the expiratory phase; later slow, long-continued inspirations : 


may occur at intervals of many seconds (20, — and protracted inspira- 
tory spasm may at length develop. 

A rise in blood-pressure seems to be a constant result, sometimes 
interrupted by temporary falls (Fig. 7). 

When the vagi are intact and the heart beating at a moderate rate, 
very decided acceleration accompanies the rise of pressure (e.g. from 28 
to 43 in 10 secs.), and may outlast the latter change, or give place to 
a pulse-rate slower than before the injection. Sometimes there are 
phases of slowing during the phase of raised pressure accompanied by 
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Injections into the peripheral end of the carotid produced effects 
very similar in their general character to the preceding. 


Fig. 7. x. Cat, 260 kilo, Vagi intact. Hg Kymograph. 6.0. sat. sol. of Na,CO, 

into central end of carotid. General spasmodic contraction of skeletal muscles with 

tremors, etc. Respiration arrested for about 80 secs. (Bl.-pr. abscissa has been 
raised 4 cm.) | | 


Injections of ‘5 cc. normal saline, water, or 1°/, Na,CO, into the 
carotid were entirely without. effect. 

Sodium sulphate solution (half-saturated). Practically negative results 
were obtained with the amounts injected 1°5—5 cc. into the jugular and 
‘12—3c.c. into the carotid. The respiratory tracing merely showed 
a trivial change, two or three curves of increased size. The injections 
into the jugular occupied 4—9 secs., those into the carotid 4—7 secs. 
Magnesium sulphate solution (25°/,). The strongly toxic qualities 

of magnesium sulphate as compared with sodium sulphate when in- 
jected into a vein in considerable amounts have been remarked by 
several observers; Matthew Huy’ emphasized this many years ago. 
He noticed a fatal result in a dog (7°25 kilos.) on the injection of 3 c.c. 
of a 20°/, solution of magnesium sulphate ; in a cat (2°28 kilos.) when 
1‘5c.c. had been given in the same way. In another cat (2:26 kilos.) 
the respiration failed when 6 c.c. of a 10 */, solution had been very slowly 
injected (20 minutes); artificial respiration led to recovery, but the 
respiration finally ceased on the gradual introduction of another 7 c.c. 

- Our own experiments have been made to ascertain the effects of very 
much smaller doses introduced into the carotid and jugular respectively. 

The effects of small doses are chiefly evident in the respiratory 
tracing and they are very much alike whether the injection is made 


1 Journal of Anatomy and Physiology, xvu. p. 62. 1882, 
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into the jugular or the carotid; the main result in each case is a 
striking diminution in the size of the respirations—or the respiration 
may be arrested for a time in the expiratory phase. A slight decrease 
of the completeness of expiration may occur later—during recovery ; 
this may last for some time (¢.g. 1 min.) and then dissppear—sometimes 
_ quite suddenly; this alteration in the base line is commonly seen — 
in tracings of tracheal pressure, while the tracing got from the tambour 
applied to the epigastrium shows no change in level. | 


‘Fig. 8. x3, Rabbit, 1°30 kilo. Vagicut. -18 c.c. MgSO, sol. into central end 
of R. ext. jugular. Resp. recorded by first method. Bl.-press., Hiirthle. 


_In some experiments with this salt the evidence afforded by the two 
methods of registering the respiration is notably discordant. Thus 
a dose sufficient to lower the blood-pressure may cause weakening 


Fig. 9. x Rabbit, 1-90 kilo. -5 c.c. MgSO, sol. into central end of R. carotid. Blood- 
pressure, Hiirthle. Upper resp. trace is from epigastrium, lower one from trachea. 
Fig. 10. x4. Rabbit, 2 kilo. Vagi intact. 20 ¢.c. of warm 1°/, sol. of Na,CO, (without 

— run into jugular. Resp. tracing from trachea. 
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and slight alteration of level in the tracheal tracing, while there is 
very marked augmentation in the size of the respirations in the other 
tracing. (This phase is seen shortly after injection began in Fig, 9.) 

The character of the tracing is commonly very different from those 
obtained with sodium carbonate. Doses of magnesium sulphate solution 
as small as ‘06 c.c. have very appreciable effects. The latency in 
the case of the jugular is very much greater than in the carotid. 
The depressing effects on the respiration are not obviated by section 
of the vagi. No traces of increased inspiratory tone were seen after 
the vagi were cut—at least when small doses were employed. 

Injections induce a fall of blood-pressure and slowing of the heart— 
the latter change appearing some little time after the pressure has 
begun to fall. The fall of pressure occurs whether the injection 
is made into the carotid or the jugular—in contrast to what happens 
with sodium carbonate. The pressure and heart rate are not so — 
affected as the respiration. 

Sodium Oitrate Solution (1°/,). The effect of soluble citrates in 
‘preventing coagulation of extravascular blood was described by 
Griesbach some years ago, and A. E. Wright has more recently 
recommended the internal use of citric acid and citrates as a means of 
diminishing the congulability of the blood in man. Reference has 
been made to its employment in blood-pressure experiments by 
_L. Hill, but we are not aware that any work has been done to 
determine its possible effects in this connection—in the ‘event of its 
entering the circulation. 

We have tested sodium citrate in ss same way as the other 
anti-coagulants already referred to and we find it much less disturbing 
and harmful; indeed its effect in moderate doses is practically negative. 
From 1 to 5 cc. were run into the jugular in 3—15 secs. according 
to the dose. Thus 1 ¢.c. was given i in 3°5 secs., 4 c.c. in 10 secs, and 5 e.c. 
in 18 secs.; in another animal 1 c.c. in 4 secs. and 5 cc. in 7°5 secs: 
Into the carotid doses were injected at various rates, up to 1 cc. in 
4—5 secs. In some of these instances especially with injection into the 
carotid (¢.g. 5 c.c, in 8 secs., and 1 ¢.c. in 10 secs.), some disturbance in 
the respiratory tracing (slight weakening) lasting 10—30 secs. took 
place a number of seconds (30 etc.) after the injection, but-this was 
never extensive or of long duration; the exact effect did not always 
correspond with the dose, a subsequent larger dose sometimes pro- 
ducing no appreciable effect. The change in respiration was shown 
only by the tracheal tambour and not at all by the other, there 
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being here a distinct discrepancy in the records afforded by the 
two methods. 

Tt is to be noted that cer Sa citrate solutions—even strong (30°/,) — 
ones—when kept for some time are apt to decompose and to become | 
ineffective as anti-coagulants. 

Sodiwm Oxalate Solution (‘1 °/, in normal ine), This solution gave 
results similar to those’ got with sodium citrate. Doses of 1 c.c. in 


5 secs, and 5 cc. in 16 secs. were given in the jugular without 


appreciable effects, while carotid injections of ‘33 ¢.c. in 4 secs, and 1 c.c. 
in 3 secs. had no effect except a hardly perceptible phase of transient 
weakening and a very slight disturbance of the general level of the 
tracing. These slight changes were shown only by the tracheal tracing. 

In experiments where extensive changes in blood-pressure are liable 
to occur and where it is important to eliminate disturbing influences 
upon respiration, heart action, etc., the two last-mentioned solutions are 
greatly preferable to the sodium carbonate, etc., at present commonly 
used. Especially when a mercury manometer of large bore is used a 
very considerable amount of the anti-coagulant solution may pass from 
the cannula into the blood vessels when a marked fall of blood-pressure 
takes place. With a manometer of 4 mm. bore we find that a fall of 
about 50 mm. in the blood-pressure is sufficient to cause the discharge 
of 1 ce. of. liquid from the cannula—t.e. very much more than is 
necessary to cause very serious disturbances. This has to be borne in 
mind in experiments where drugs, etc., are used which lower blood- 
pressure (chloroform, etc.) and where the respiratory tracing may be 
very easily affected in addition to the rate of the heart, etc! -In various 
experiments we have seen clear evidence of the complications which — 
may be induced by the entry of such anti-coagulants as sodium carbonate, 
etc., into the circulation. 

The weak solutions we have tried are sodium carbonate 1°/, and 
sodium sulphate 5°/, 

Sodium Carbonate. Halliborton and Brodie* performed control 
experiments with the sodium carbonate solutions (1, 2, or 5°/,) which 
they used as a solvent for nucleo-proteid in intravascular coagulation — 
experiments; their attention was directed to the production or non- 
production of coagulation and fatal effects in the animal, They found 
that several hundred c.c. of 2°/, solution may be injected into the 


+ With the kymograph connected with the femoral artery the uate: effects would 
no doubt be less than when the carotid is used. . 


This Journal, xvu. p, 185. 1894—5. . 
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circulation of a rabbit without untoward result, though if pushed too far 

_ the animal at last dies, salivation and muscular spasms being the most 
marked symptoms. A smaller dose (¢.g. 80 cc.) of a 5°/, solution 
produces the same result. They used rabbits anesthetised with ether 
and made the injection into the external jugular vein. The rate at 
which the solution was injected is not stated. 

In our own experiments (upon rabbits anesthetised with chloroform. 
and chloral) we ran the solution into the external jugular vein from a 
burette. We noticed that a solution of nucleo-proteid (thymus) in 1 °/, 
sodium carbonate solution sometimes caused death (sudden stoppage of 
respiration, etc.) when no signs of intravascular coagulation could be 
found. And solutions of sodium carbonate alone were found to be 
capable of reproducing many of the effects well known to be caused by 
injections of nucleo-proteid (in sodium carbonate solution)—arrest of 
respiration, contraction of skeletal muscles (stretching movement, 
tremors, etc.), exophthalmos, etc. 

We have commonly used the anhydrous salt to make our 1°, 

solution, but in some’ cases Na,CO,, 10H,O. With the latter salt the 
results were similar in character though naturally less marked for 
similar amounts of solution injected at the same rate. 
_ Using the anhydrous salt 20:c.c. of a 1°/, solution run at about 
the rate of 1 cc. per sec. or preferably somewhat more quickly were 
commonly sufficient to cause a respiratory arrest of some duration—the 
effect 1s stronger when the solution is at room temperature than when 
warmed to body temperature. The general character of the arrest is 
very similar to what occurs with nucleo-proteid injections—the standstill 
being preceded by a diminished excursion of the respiratory lever, 
accompanied by a, temporary displacement of the base line in the 
direction of inspiratory tone. The arrest is not obviated by previous 
section of the vagi. Exaggerated movements commonly occur when 
respiration recommences, and a very extensive later inspiratory displace- 
ment of the base line with small excursions for a time (compare Figs. 10 
and 11). The arrest may however be final; when repeated doses have 
been given the final arrest is sometimes in the expiratory phase. 

Much smaller doses are sometimes effective. Thus in one rabbit 
(1:30 kilo.) 5 ¢.c. injected in 23 secs. stopped the respiration for 14 min., 
10 cc. given in 48 Secs. for 14 min., while 18 cc. in about 100 secs. 


caused a final arrest. The heart was slowed somewhat during each 


injection ; the blood-pressure remained practically unchanged until the 
arrest of breathing induced an asphyxial rise. The vagi were cut and 
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slight peripheral stimulation of one of them kept up continuously ; in 
such experiments we did not find that the injection removed or notably 
diminished vagus efficiency, as Léwit found with many sodium salts in 
the frog. 


Fig. 11. x4. Rabbit, 1°50 kilo. Yagi intact. 20 ¢.c. of nucleo-proteid solution in 1°/, 
Na,CO, run into jugular. After the arrest of respiration there is persistent inspiratory 
tone while the heart-beats show on the tracing for a time.” No ante-mortem gasps. 

Clotting found in R. H., great veins, etc. No recognisable exophthalmos and no sign 
of hemorrhage in orbits except a few specks of clot in right orbit. Upper resp. 
tracing from tambour on epigastrium ;: lower from trachea, awe persistent inap. 
tone which the upper tracing does not show. 


With 1°/, solution of Na,CO, 10H,O we obtained marked weakening 
of respiration with inspiratory displacement of the base line, but no 
standstill when 20 c.c. were injected in 50 secs. Injection at the rate of 
about 1 c.c. per sec. gave marked weakening or temporary arrest of the 
breathing. 

In our hands weak sodium carbonate solutions have thus had much 
more toxic effects than in the experience of Halliburton and Brodie; 
possibly the rate of injection used by these workers may have been 
different from ours, and we are not certain whether their percentage 
strengths were of the anhydrous salt or of Na,CO,10H,O. The 
occasional variations in individual animals seem to be extensive ; in one 


rabbit we found a total dose of 140 c.c. of 1 Lite solution of the anhydrous 


salt necessary to cause death. 


Exp. 1, Rabbit, 2°20 kilo. Injections into R. ext. jugular; solution warm. 


80 c.c. in 10 secs. stoppage of 
80 ” ” ” ” No exophthalmos. 
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80 ¢.c. in 10 secs. Respiration stopped for # min. Heart regular and pretty strong. 
Fine tremors in skeletal muscles. Slight exophthalmos. 


50 c.c. in 80 secs. Respiration stopped for 14 min., then 8 or 10 ante-mortem gasps. 
Eyeballs very prominent and pupils much dilated. 
24 hours after death very extensive clots at back of each orbit. 


Sodiwm Sulphate Solution. A solution of nucleo-proteid in 5°/, sod 
sulph. solution run into the jugular caused a speedy arrest of respiration, 
the character of which is seen in Fig. 12. There is inspiratory tone 
and final arrest in the inspiratory phase. Exophthalmos was well marked, 
no stretching movement; the heart-beat went on feebly for some little 
time. Fairly extensive intravascular coagulation was found on the 
_ thorax and abdomen being quickly opened. 


Fig. 12. x¥%. Rabbit, 1:16 kilo. Vagi intact. 40 c.c. of nucleo-proteid solution in 
5 °/, sod. sulph. run into jugular in 40 secs. No stretching movement, etc. Clots 
found in R. H., systemic veins, portal vein, etc. Resp. tracing, Ist method. 

Fig. 18. x4. Rabbit, 1:16 kilo. Vagi intact. 40 .c. of 5°), sod. sulph. sol. (without 
nucleo-proteid) run into jugular in 40 secs, No stretching movement, etc. Marked 
exophthalmos, Heart continued to beat very long after stoppage of breathing. 


Sodium sulphate solution of the same strength but without nucleo- 
proteid was tried in the same way and similar effects as regards respira- 
tion, exophthalmos, etc., were obtained ig. 13), No intravascular 


Part II. Ingection or NvucLEO-PROTEID. 


Production of exophthalmos by nucleo-proteid* injections. The oc- 
currence of exophthalmos in nucleo-proteid experiments has been well 
_known for a number of years, but so far as we are aware no account has 
been given of the mechanism by which it is produced. | 


1 The nucleo-proteld was obtained, orally by Halibarion's sodium chloride method, 
from thymus or lymph glands, 
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In a number of experiments we divided the cervical sympathetic on 
one side before injecting the nucleo-proteid, but this procedure seemed 
to have no influence on the subsequent exophthalmos which was as 
usual persistent after death. Examination of the orbits p.-m. (preferably 


24 hours after death) revealed the cause.of the proptosis'. Extensive — 


hemorrhages were found in every instance as the cause of the forward 
displacement of the eyeballs. When examined some time after death, 
when coagulation had occurred, the large clots lying between the 
posterior aspect of each eyeball and the back part of the orbit are easily 
examined and defined*. Our experiments were performed upon rabbits ; 
the ordinary dose of nucleo-proteid was about 02 grm. In Halli- 
burton and Brodie’s work ‘05 grm. is mentioned as a usual dose’. 


as 


Phas 14. BR. eyeball of rabbit after injection of nucleo-proteid. 
A. Lateral aspect. B. Posterior aspect. 


In regard to the production of exophthalmos in an ordinary nucleo- 
proteid experiment there are various possible factors to be considered. 
When the solution is run into the jugular pretty rapidly (e.g. 1 c.c. 
per sec.) from a burette an important rise of venous pressure is of 
course induced. To test this influence we have tried the experiment of 
running in normal saline at the same or a greater rate, with virtually 
negative effects as far as exophthalmos is concerned, though the rise of 


venous pressure (directly induced) was often much greater fan in an | 


ordinary nucleo-proteid experiment. 


a This point has been specially worked out by one of ua (C, M.). 

made many hours before death. - 

Goulstonian Lectures. Brit. Med. Journ, 1893. 
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Exp. 2. Rabbit, 2 kilo. 54 of ‘75%, NaCl solution ran into right external 
jugular vein from a burette in 28 secs. No arrest or important change in respiration. 


‘Animal killed by inhalation of overdose of chloroform. No visible exophthalmos, On 


examining orbits 24 hours p.-m, some minute clots were found at the back part, but there 
was no evidence of marked hemorrhage. 

It is important to note that diahiiaieen may also be caused by 
the injection of relatively small amounts of strong (seturated) sodium 
carbonate solution, when such injection stops the respiration and kills 
the animal. 

Sometimes, though rarely, nusele-pacehald solution run into the 
jugular in the usual way causes intravascular coagulation and death, 
without causing definite exophthalmos or any sh angst amount of 
orbital hemorrhage. 


Expr. 3. Rabbit, 1-57 kilo. Nucleo-proteid solution run into R, jugular from burette— 
20 ¢.c. in 17 secs. Arrest of respiration followed by slow tonic inspiratory movement 


lasting for many min. No ante-mortem gasps. Clots found in R. Au., R. V., and inf. 


cava; none in L.H. No visible exophthalmos. Next day a few minute clots found at 
back of the right orbit; none in the left. 

Again, when the ordinary nucleo-proteid injection (eg. 20 ons fails 
to cause intravascular coagulation and death, it usually also fails to 
cause exophthalmos. But nucleo-proteid may kill apparently by heart 
failure without the presence of visible clots in the heart or great vessels, 


and here marked exophthalmos from orbital hemorrhage may be present. 


In some instances (¢.g. after the exclusion of the circulation in the lower 
half of the body) even a very slow injection of nucleo-proteid (e.g. 25 c.c. 
in 16 min.), causes coagulation and death accompanied by extensive 
orbital hemorrhage. 

Weak solutions (eg. 1°/,) of sodium ‘cichounin: withost nucleo- 
proteid, when injected in sufficient quantity, and at a rate sufficiently 
rapid to cause a final arrest of respiration, can cause well-marked intra- 
orbital hemorrhage with the associated exophthalmos (see Exp. 1). 

It remains to be seen how far the foregoing results apply to the 


production of exophthalmos in man, especially in regard to the possible 


influence of nucleo-proteid or similar bodies in the circulation in deter- 
mining excessive distension if not actual rupture, of the blood vessels at 
the back of the orbital cavity. Apart from the well-known proptosis 
associated with thyroid enlargement and with excessive dosing with 


thyroid extract, there seem to be some cases of suddenly-developing 


proptosis the mechanism of which is quite unknown. 
Effects of nucleo-proteid on intravascular blood. In view of the 
notable difference between the influence of nucleo-proteid solutions 
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when mixed with extravascular blood and when injected into the 
circulation we have tried its effects upon intravascular non-circulating 
blood. We ligatured the jugular and other veins at two places 
including a considerable amount of blood between the ligatures. 
Nucleo-proteid solution was then injected into the occluded portion of 
vein (by means of a hypodermic syringe) and mixed with the blood. 
After varying intervals (a number of minutes) the vein was opened ; 
the blood was found to be liquid in each case. The same nucleo-proteid 
solution. was found to be very effective when injected into the general 
circulation. Similar experiments were performed on arteries (carotid 
etc.) with the same result, In some instances we hgatured or clamped 
the aorta and pulmonary artery and the great veins near the heart 
while the organ was beating well with much blood in its chambers. 
Various amounts of nucleo-proteid solution were then injected into each 
side of the heart and became. well mixed with the blood. After some 
time (¢.g. 5 min. etc.) the heart was laid open; no oes was found in 
any of the cavities. 

It seems that nucleo-proteid does not cause coagulation in intra- 
vascular blood unless the latter flows through capillaries. Nor were we 
able to satisfy ourselves that nucleo-proteid causes any decided re- 
straining effect (or negative phase) in intravascular blood shut up in 
the heart or in a portion of artery or vein tested by its behaviour 
when shed. 3 

_ Beclusion of the circulation in the lower half of the body. Evidence 
from various sources. points to the liver as being concerned both with 
(a) the maintenance of the normal coagulability of the blood, and 
(6) with the anti-coagulating action of commercial peptone. 

(a) Stolnikow' and Pawlow* observed that blood circulated 
through the heart and lungs and not allowed to pass through the 
other organs soon lost its coagulability in the dog. In the same animal 
Bohr* occluded the thoracic aorta and found the blood incoagulable in 
a quarter of an hour; it continued so for at least 24 hours after the 
blood had again been allowed to pass to the abdominal viscera. In the 
rabbit Bohr noticed slighter changes of the same nature after ligature 
of the coliac axis and mesenteric arteries. On the other hand 
_ Delezenne‘ affirms that blood-serum perfused through the liver loses its 
_ power of causing coagulation when added to certain coagulable fuids— 

1 Arch. f. Physiol. 1886, 8.1. Newell 
© Arch. f. Physiol. 1887, 8. 458. 

Centralbl, f. Physiol. 1888, 8, 261. du 1898, 
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presumably from the fibrin-ferment of the serum being changed or 
destroyed. Matthews’ confirmed Bohr; Lilienfeld* and Contejean’ 
did not. | 
,@®) Contejean as well as Gley and Pachon‘ find a close relation 
between changes in the functional activity of the liver and tke activity 
of “peptone” injections as anti-coagulants. Hedon and Delezenne* 
state that removal of the liver (an Eck’s fistula having been made) 
_ obviates the anti-coagulating effect of “peptone.” On the other hand 
Delezenne® made the somewhat paradoxical observation that peptone- 
blood artificially circulated through the liver recovers its coagulability. 
_ We shut off the circulation in the abdominal viscera and the lower 
half of the body by occluding (by clamps or ligatures) the descending 
aorta and the inferior vena cava and arygos veins a little above, the 
diaphragm; the thorax being opened and artificial respiration kept up. 
The results as regards the coagulability of the circulating blood were 
by no means so constant as we were led to expect from the experiments 
of Pawlow, Bohr and others—-as shown by the following experiments. 
Exp. 4. Oat. Sample of blood from right jugular vein clotted in 2 min. Circulation 
in lower half of body shut off. 1 hour later, another sample of circulating blood taken 
from left jugular by a pipette. Coagulation occurred with great rapidity ; only 1 cm. of 
blood could be sucked into the pipette as it became blocked with clot. This blood was 
- compared with the first sample taken ; films were examined and counts made; there was 
a notable diminution in the number of leucocytes in the second sample, the loss apparently 
falling mostly on the polymorphonuclear corpuscles. Very little blood could be got from 
axillary vein when cut across—clot formed almost immediately and extended 1 cm. along 
vein. Artif. resp. stopped for 2 min. to ensure asphyxial condition of blood; 40 c.c. 


nucleo-prot, sol. (found effective next day in a rabbit). H. failed—Vs. in fibrillar 
contraction, etc., but no intravase. clotting found. 


In this experiment it is to be noted that instead of a diminution or 
abolition of coagulability there isa striking increase, perhaps influenced 
in part at least by disintegration of leucocytes, etc. It is also note- 
worthy that this blood was not clotted by the injection of nucleo- 
proteid. 

Exp. 5, Rabbit, 2 kilo. Sa 


88 min. after circulation in lower half of body excluded. 20 c.c. nucleo-proteid solution 
into jugular caused intravase, coagulation. 


usually 4 or 5. hours. 

* Arch. f. Physiol. 1892, 8. 150. 

® Arch. de physiol. norm, et path. 1895, p. 245. * Ibid. p. 711. 
5 Comp, rend, Soc. de Biol, 1896, p. 688. 
_ © Compt, rend, Acad. de Se. 1896, p. 1072. 
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Exp. 6. Rabbit, 1°60 kilo. Coagulation time of blood from jugular 2—8 min,’ Portion 

of jugular ‘ligatured at two places and injected with nucleo-proteid; 5 min. later no clot 
found on cutting open the vein. Blood which escaped coagulated in 2—3 min. Exclusion — 
of circulation in lower half of body. 380 min. later, coagulation time of circulating blood 
is 812 min. 45 min. later, coagulation time of circulating blood is 45—60 min. 20 o.c. 
nucleo-proteid solution run in (in 40 secs.). Heart action went on very well after 
injection apparently improved. No sign of clotting. Sample of blood from mesenteric 
veins clotted in about 8 min. 15 min. afterwards, aorta, vena cava, ete. released and 
another 20 ¢,c, nucleo-proteid run in (35 secs.). 20 min, after this injection blood taken 
from R. H. clotted in 15 min. Root of heart clamped and nucleo-proteid injected into 
L, V. 5 min. later, heart and great vessels laid open; 
solution contained a little over *1°/, nucleo-proteid. 


Injection of nucleo-proteid after exclusion of lower half of body. 


Injection of nucleo-proteid solation into the jugular vein causes 


rapid and extensive intravascular coagulation in. the circulation limited — 

as above stated. Indeed so far as our experiments have gone we have 

always obtained this positive result even when we have introduced very 

dilute solutions very slowly into the circulation, except in Expts. 4 and 

6, where the circulation in the lower half had been shut off a consider- 

able time before the injection (60 and 45 min.). We have not seen a 
“negative phase” in the blood when shed. — 


Exe. 7. Rabbit, 1°94 kilo. After exclusion of circulation in lower half 25 c.c. weak 


nucleo-proteid (°05 °/,) sol. run into jugular in 16 min., caused intravasc. coag. with 
exophthalmos, etc. 


Exr. 8. Rabbit, 1°86 kilo. After excluding the circulation in the lower half, nucleo- 
proteid (01 °/,) solution was gradually run into jugular, 26¢.c. in 18 min. No clots 


found but shed blood clotted very rapidly; effect of injection was ee 
less marked than usual. 


Expr. 9. Rabbit, 2°10 kilo. 24 nucleo- 
‘01 */,) sol. given in 8 min. caused clotting. 


CONCLUSIONS, 


The injection of relatively small amounts of the solutions of sodium — 
carbonate (saturated or sp. gr. 1087) and magnesium sulphate (25 */) 
commonly used as anti-coagulants in blood-pressure experiments is apt - 
to induce considerable disturbances in respiration, heart-beat, blood- 


pressure, etc., these results vary in some respects according as the 


injection is made into the carotid or the jugular. Sodium sulphate 
is much less disturbing in this way. , 

Sodium citrate (1°/,) and sodium oxalate (2°/,) solutions are 
practically negative when used in similar or even larger doses than the 
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above, and hence are to be preferred in blood-pressure experiments 
where it is important to exclude the danger of such disturbances as are 
above referred to. 

Weak solutions of sodium carbonate (1°/, etc.) such as are commonly 
employed as solvents for nucleo-proteid in intravascular coagulation — 
experiments can themselves produce many of the phenomena associated 
_ with death from nucleo-proteid injection—eg. arrest of respiration, 
muscular contraction, etc. 

- The exophthalmos caused by fatal nucleo-proteid injections depends 
upon the occurrence of extensive — at the posterior part of 
each orbit. 

Nucleo-proteid, solution fails to cause coagulation in intravascular 
blood shut up in an artery or vein or the interior of the heart and not — 
allowed to pass through capillaries. Nor does there seem to be any 
development of a “negative phase” in these circumstances. It is 
apparently in the capillary area that the conditions necessary for 
intravascular coagulation by nucleo-proteid are present. 

_ When the circulation in the lower half of the body is shut off 
(below the diaphragm), injection of nucleo-proteid into the jugular 
readily causes coagulation. We have seen coagulation in such circum- 
stances with very minute doses of nucleo-proteid when very dilute 
solutions were slowly injected. We have not observed the occurrence 
of a “negative phase” in experiments performed when the circulation 
has been limited in this way. 

It seems possible that the production of a negative phase may 
depend upon an influence exercised by abdominal viscera—in the 
genesis of anti-bodies or in some other way. 
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THE RELATIONSHIP OF BLOOD-SUPPLY TO SECRE- 
TION, WITH ESPECIAL REFERENCE TO THE 
PANCREAS". By OTTO MAY, MA. (Nine Figures. in Text.) 


(From the Pharmacological Laboratory, Cambridge.) 


Historical. Francois-Franck and Hallion’ are the only previous - 
observers who have applied the plethysmographic method to the pancreas. 
They observed a shrinking of this gland on stimulation of either 
splanchnic nerve, and traced the origin of these vaso-constrictor fibres 
to the anterior nerve roots, extending from the fifth thoracic to the first 
lumbar. Pawlow’, in the course of a research bearing specially on the 
nervous control of pancreatic secretion, found that stimulation of the 
vagus could, in favourable cases, evoke a secretion of pancreatic juice 
even when the arterial pressure had been reduced almost to zero by 
bleeding. Nevertheless, in the same investigation, he found a close 
relation between the activity of the gland and its blood-supply. Thus 
he says that obstruction of the thoracic aorta for 1 minute almost 
abolished the secretory response of the pancreas to subsequent vagus 
stimulation, and, again, that stimulation of the central end of the cut 
sciatic nerve for 4 minutes (by causing reflex vaso-constriction in the 
visceral) produced a like effect on the pancreas, lasting for a considerable 
time after the cessation of the stimulus. | 

Pawlow, in fact, regards inhibition of the pancreatic secretion as due 
to two independent factors, (a) physiological, brought about presumably 
_ by spevific inhibitory fibres, (b) pathological, from anzmia, usually 
resulting from a reflex constriction of its vessels. 

In view, however, of our recent knowledge of “secretin,” Pawlow’s 
results are open to serious criticism. Vagal stimulation, by increasing 
~ the movements of the stomach, would tend to cause a flow of acid into 
the duodenum ; secretin would be formed, and in this way a flow of 


1 Part of the expenses of this research was defrayed by a grant from the Royal 
Society. 

2 Comptes rend. Soc. de Biol. p. 561, Paris, 1896. 

% Archiv f. Physiol. Supp. p. 176, 1893, 
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juice produced. This explanation is rendered the more probable by 
Pawlow’s description, that the flow does not begin till 2 or 3 minutes 
after the commencement of stimulation, and continues for some minutes 
after stimulation has ceased. 

_. No direct comparison of the vascular changes of the pancreas in n rest 
and activity has hitherto been described. Some observations have, 
however, been recorded on the submaxillary gland by Bunch’. He. 
investigated the volume of this gland under various conditions. Among 
other results he found, that the intravenous injection of pilocarpin 
caused a primary slight dilatation of the gland, followed by a larger 
_ diminution in volume, coincident with the salivary secretion, and lasting 
until this ceased. Stimulation of the chorda-tympani caused a similar 

shrinking during the secretion, followed by a slight after-dilatation. 
Experimental procedure. The animals employed in these experiments 
were dogs and cats. The changes in volume of the pancreas were 
observed by enclosing part of it in a plethysmograph, as described below. 
Dog. The animal was anesthetised with c.z. mixture (1 part 
chloroform, 2 parts ether), and subsequently received an injection -of. 
. morphia. Tracheotomy was performed, and a cannula fixed into the 
external jugular vein for making the required injections. The arterial 
pressure was recorded in the usual way by a mercurial manometer 
connected with the carotid artery. In order to fully expose the pancreas 
two abdominal incisions were made, one in the middle line, beginning 
just below the ensiform cartilage, and the other from the upper extremity 
— of this, obliquely to the right, along the lower border of the ribs. The 
exposed viscera were kept warm and moist by sponges soaked in warm 
“normal salt solution.” Care was taken to maintain a high temperature 
in the room, and to keep the animal on a hot-water pillow: with these 
precautions it was found that the parts could be kept in good condition 
without immersing the whole animal in a warm bath. A cannula was 
introduced into the duct of Wirsung; and connected to a small bent 
tube, filled with normal saline, so that the drops of secretion could be 
observed as they fell. The part of the pancreas lying in the loop of 
the duodenum was then prepared for the plethysmograph. This was 
done by carefully ligaturing the small veins running from the duodenum — 
to the superior pancreatico-duodenal vein, particular care being taken 
to leave intact the artery and vein running to the pancreas from the 
inferior er ace vessels, and also the large branch which 


1 This Journal, xxv1. p. 1. 1900. 
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this organ received from the superior pancreatico-duodenal vessels. 
The part thus isolated was enclosed in a specially prepared guttapercha 
oncometer, provided with a very wide neck, and connected with a delicate 
Marey’s tambour. This was found to be the most suitable apparatus 
for recording the small changes involved, being far more sensitive than 
the smallest of Brodie’s bellows-recorders. To ensure volume-changes 


_being recorded as opposed to pressure-changes the rubber should be 


very thin, and, when fixed, quite slack. In some of the experiments 
a loop of small intestine was isolated, and placed in a second oncometer, 
connected with a bellows-recorder; in considering the tracings it is to 
be remembered that the intestinal recorder was less sensitive than the 
pancreatic recorder. 

When the animal was so prepared curare was administered and 
artificial respiration kept up, anssthesia being maintained by allowing 
the air of inflation to pass over cotton-wool saturated with chloroform. , 

Cat. The animal was anesthetised with mixture, anwsthesia 
being subsequently maintained by the subcutaneous injection of urethane, 
to the extent of 1—15 grammes per kilo body-weight. This drug 
forms a convenient anesthetic as it is without action on either the heart — 
or vessels. The vein and artery were prepared as in the dog. The 
abdominal incisions were as before except that the second was to the 


_ left instead of to the right. The solar plexus was exposed when necessary, 


and the visceral branches from it isolated in two groups: 
(1) those accompanying the cosliac axis, and 
(2) those accompanying the supérior mesenteric artery. - 

The part of the pancreas most convenient for the oncometer was 
found to be that lying along the lower border of the stomach. To 
isolate this the splenic artery and vein were ligatured close to the hilus 
of the spleen so that their branches to this part of the pancreas were 


- left intact; little difficulty was then — in — the pancreas 


in the oncometer. ' 

In all the accompanying tracings, 

B.P.=curve of arterial pressure. (This was always lee: but is 

omitted from some of the tracings.) 

P.V.=curve of pancreatic volume. | 

LV. =curve of intestinal volume. 

Relative volwme-changes of the pancreas. It. is that the 
pancreas, by reason of its shape and its close connection with surrounding 
structures, is not an ideal organ to which to apply the plethysmographic 
method. It was therefore necessary to test the accuracy of the method ; 
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ne: was performed by vagal stimulation, and by the action of certain 

gs. 

| Fig. 1 shows the effects on the volumes of the pancreas te a loop 
of small intestine respectively, produced by stimulation of the peripheral 

end of the cut vagus with a strong induction shock (C.=5). Both 

organs are seen to shrink as a result of the fall of arterial pressure, the 

two levers followed passively the blood-pressure curve. 


Fig. 2 shows the effects of the intravenous injection of pilocarpin, 
followed by atropin. Here again the volumes of the two organs follow 
one another closely, though in this case the extent of movement of the 
pancreatic lever is relatively less than in the previous one. 


x Fig, 2. Dog. C. E. morphia. Effect on volumes of pancreas snd intestinal loop of 
injecting 1 ¢.c. of 6°), pilocarpin, followed by 4 ¢.c. of -5°/, atropin. x}. 
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As further evidence of the validity of the results, it may be pointed 
out that a large: proportion of the tracings of pancreatic volume show — 
oscillations corresponding to the heart-beats, which in the active pancreas, — 
where secretion.is accompanied by vaso-dilatation, become —-! 
more pronounced. 

Conversely, as a result of stimulating the vaso-constrictors to the 
pancreas, they are usually almost entirely obliterated. 

Vaso-motor nerves to the pancreas. The experiments in this con-— 
nection were conducted on the cat. The reason for choosing this . 
auimal was the ease with which the branches of the solar plexus could 
be separated and stimulated, There can be little doubt, however, that 
the plan of innervation of the pancreas is essentially the same in he 
cat as in the dog. : 

In the cat the pancreas is supplied with vaso-motor fibres from the 
solar ganglion. They run in the bundle of fibres accompanying the. 
coeliac axis, none being found in the mass of post-ganglionic fibres 
running with the superior mesenteric artery. 

Fig. 3 shows the effect of stimulating the post-ganglionic celiac 
fibres on the volume of the pancreas. The coil used was of the ordi- 
nary type, and of such a strength that the shock could just be felt with 
the electrodes on the tongue when the secondary coil was at 14cm. 
The strength of current used m this experiment is indicated by C. = 5 cm. 
It is seen that the shrinking of the gland begins immediately, and soon 


Fig. 3. Cat. ©, BE. urethane curare. Effect on pancreatic volume of stimulating 


the post-ganglionic vaso-constrictor fibres running. along the celiac axis (C. =5). 
Stimulation at A. 
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reaches its maximum. Recovery is much more gradual, and is in some 
cases followed by an after-expansion, never very well marked. — 3 
It may here be noted that in none of the experiments did stimula- 
tion of the sympathetic fibres ever give rise to any sustained secretion, 
though in some cases a single drop fell soon after the commencement of 


stimulation. This, together with the effect of stimulating these nerves 


after injection of secretin, is discussed below. 
The presence of vaso-constrictor fibres, determined by the method 


of stimulation, is confirmed by the action of adrenalin. As it is now 


exceedingly probable that the sympathetic nerve-endings are directly 
acted upon by adrenalin, a solution (1 in 20,000) of this drug was 
injected intravenously. 1 c.c. results (Fig. 4) in an initial gm 
quickly followed by a considerable constriction. 


Fig. 4. Cat. ©, EB. urethane. 
of 1 ¢.c, adrenalin solution (1 in 20,000). 


The effect in fact closely resembles the changes of volume commonly 
seen in the limbs. The splanchnic vessels constrict most vigorously, so 
that for a few seconds a passive effect is produced, but the tendency to 
vaso-constriction soon overcomes this action. 

Volume of the gland during secretory activity. The method 
adopted to stimulate the gland to secrete has throughout been the 
intravenous injection of secretin, prepared by the method recommended 
by Bayliss and Starling’. In most cases the secretin was made 
from the same animal as was employed for the rest of the experiment, 
but in a few it was prepared previously from one used for another - 
purpose. It was found, however, that such solutions became inactive 
very rapidly, even when kept in an ice-safe. Thus, if left overnight 
they were found to be much less efficacious in promoting a secretion 


1 This Journal, xxvii. p. 325. 1902, 
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than. a freshly prepared solution, and if kept two or all 
their virtue had disappeared. 

Throughout. the experiments the results 
though varying in degree in different animals. Typically the order of 
events was as follows (Fig. 5): The injection of active secretin produced 
an immediate fall of blood-pressure followed by slow, gradual recovery’ ; 
this is probably due to an action on peripheral blood vessels, as it was 
not abolished, or. only to a slight extent, by the previous injection of 
atropin. Moreover, cardiometric observations show that the action of 
such an animal extract on the heart is quite insignificant. Coincident 
with this fall there was expansion of the small intestine and of the 


Fig. 5. Dog. C.E. morphia curare. Effect of injection of 5 c.c, secretin solution. The 
The lower part continues the upper half. x 4. 


‘pancreas. But whereas that of the former (as in Fig. 7) soon reached 


its maximum, and assumed its normal volume in less than a minute, 
the vascularity of the pancreas continued to increase gradually for some 


_ minutes; indeed it was maintained as long as secretion from the gland 


- Attempts were made to obtain “ depressor-free” solutions by extracting the mucous 
membrane with absolute alcohol for 24 hours, before treatment with the acid (v. Bayliss 


‘and Starling, loc. cit.), The solutions obtained in this way, however, usually caused 


some fall of pressure, almost as marked as those prepared in the ordinary way. Moreover, 
they were often inactive in producing a secretion, hence their use was abandoned. 
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(which began about 2 minutes after injection) continued—usually a 
period of 10—16 minutes. Now the inflow into: the pancreas consists 
entirely of blood, the outflow, of blood, lymph, and pancreatic juice. 
There is no reason to believe that the lymph outflow could be dimi- 
nished during activity; in fact, Bainbridge’ has shown, in the case 
of the salivary glands, that it is slightly increased during secretion. 
The venous outflow was free and unimpeded, hence an increase of 
volume must mean an increased blood-flow into the organ. This, taken 
with the fact that the mean arterial pressure is, after recovery from the | 
initial fall, unaltered, signifies a vaso-dilatation in the pancreas. 

This is confirmed by the. fact, already mentioned, that the blood- 
volume pulse usually becomes much more obvious in fwas tracing of the 
pancreatic volume during secretion. 

An increased blood-supply to the part during activity is what one 
would expect from the analogy of the other organs of the body ; in all 
those hitherto investigated, with the possible exception of the brain, 
functional activity is accompanied by increased blood-supply. 

The injection of an acid extract of the mucous membrane of the 
ileum gives no such result. In this case the effect on blood-pressure is 
much the same as before, and the intestinal vessels become slightly 
dilated; the volume of the pancreas, however, undergoes scarcely any 
alteration, and never shows any ultimate dilatation. And it may be 
asserted that dilatation of the pancreas to any appreciable extent does 
not occur on the injection of any such animal extract, unless accom- 
panied by active secretion of the gland. | 

It is seen, then, that the injection of secretin causes an expansion of 
the pancreas, lasting as long as secretion. This expansion is the net 
result of two opposing factors—increased blood-supply, and the pouring 
out of the secretion. This is well shown in Fig. 6, where the outflow 
of juice was obstructed; the resulting expansion of the gland is con- 
siderally more pronounced than in those cases where the outflow of the 
secretion was free and uninterrupted. 

Now, in the submaxillary gland, Bunch’ found that active secretion 
was accompanied by a shrinking of the gland, indicating that the rate 


of outflow of the saliva more than balanced the concomitant vaso- ee 


1 This Journal, xxvi. p. 79. 1900. 

More recently Bainbridge (Brit. Med. Journ. u. p. 776, 1902) has shown that the 
outflow of lymph from the ee 
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dilatation. In none of my experiments on the pancreas has a similar 
result been observed ; the nearest approach to such a condition is that 


Fig. 6, Dog. ©, E. morphia curare. Effect of injecting a solution of secretin 
after obstruction of the pancreatic duct. x4. 


shea: in Fig. 7, where the volume of the gland is baahiy affected, 
suggesting a balance, approaching equilibrium, between these two 
opposing factors. It seems to me that this point indicates a striking 
| difference between the phenomena accompanying secretion in the sali- 
vary glands and the pancreas penpoctsery. 


Fig. 7. Dog. C. E. morphia curare {see text). x4. 


Cause of the vaso-dilatation. Having thus shown that pancreatic 
secretion is accompanied by vaso-dilatation, it 1s necessary to esta- 
blish the means by which this dilatation is brought about. To start 
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with, its origin is peripheral, in that it occurs after section of the 
splanchnic nerves. In considering the various means by which this 
peripheral vaso-dilatation might conceivably be brought about, “ fol- 
lowing possibilities suggest themselves for consideration. 

(1) Paralysis of the endings of the vaso-constrictor fibres. _ 

(2) Stimulation of possible vaso-dilator endings. 

(3) Action on the musculature of the vessels, 

(a) directly by the secretin, 
(b) by some product or products of the metabolic activity of the 
gland, resulting from the stimulating action of the secretin. 

(1) This supposition is easily disproved. dilatation following 
the injection of secretin is not the result of depression of the nerve-cells 
in the solar plexus or of the vaso-constrictor nerve-endings, since stimu- 
lation of the splanchnic or of the post-ganglionic constrictor fibres, 
during secretion, produces a well-marked shrinking (Fig. 8). This is 
considerably more pronounced than in the resting gland (cf. Fig. 3. 
from the same experiment), the pre-existing dilatation rendering the 
vaso-constrictor action more effective. 


Fig. 8. Cat. OC. E. urethane curare. Effect of stimulating the vaso-constrictors during 
the dilatation of the pancreatic vessels resulting from the injection of secretin, (Cf. 
with Figure 3 from the same experiment.) : . 


(2) and (3) Since there.is no satisfactory evidence of the wilahenee 
of vaso-dilator nerve fibres for the pancreas, it would be mere conjecture 
to attribute the dilatation of the vessels produced by secretin to an 
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_ action on ‘such ‘nerve fibres. And it seems to me that the long latent 
petiod of the vaso-dilation and its gradual course tend to show that 
secretin does not produce its effect. by: acting either on vaso-dilator 
nerve endings, or on the vessels themsélves. The latent period of 
expansion. of the pancreas is considerable, often more than a minute, 
even when the outflow of secretion is. prevented, so that any vascular 
dilatation would be at once observable. It is true that the latent period 
of the flow of pancreatic juice is also long, but in this case there are 
obvious reasons why there should be some delay. 

By the light of this evidence one is forced to the conclusion that 
the dilatation is the result of the action on the vessels of some product 
of the metabolism of the secreting gland. And, in all probability, this 
substance, were it injected into the circulation, would be found to act 
as a general vaso-dilator; the explanation of its local action during 
pancreatic secretion lies in the fact of its being formed locally, and 
present therefore in the pancreas atone, in a form concen- 
trated to produce its effect. 

Effects of variations in the amount of 
It is well known that there is no direct causal connection between the 

rate of salivary secretion and the amount of the blood-supply to the 
glands. Heidenhain’ investigated the relationship in the dog’s sub- 
_ maxillary gland. He found that up to a certain point the rate of secretion 
is not appreciably diminished by interference with the blood-supply, but 
if the interference is carried so far that the blood issuing from the 
glandular veins during chorda stimulation is of a venous colour, then the 
secretion is considerably slowed. 

In the case of the, pancreas, however, Pawlow, as previously men- 
tioned, found a considerably greater sensitiveness to changes in the 
blood-supply ; his mode of causing secretion was by vagus stimulation. 
But the existence in the vagus of special secretory fibres to the pancreas 
is by no means a matter of certainty, as already pointed out; it is of — 
importance, therefore, to see how far his statements as to the influence 
of blood-supply hold for the “normal” secretion of pancreatic juice 
evoked by the action of secretin. 

- Two methods have suggested themselves for diminishing the blood- 
flow during the glandular activity. The first is, by stimulating the 
vaso-constrictors; these, as I have shown, retain their effectiveness 
tite This method has been out 
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successfully in the cat, where these nerves are easily isolated. Its 


disadvantage lies in this fact, that, in the cat, secretion is never so 


rapid as in the dog, and therefore the variations in its rate are not 
so easy to observe. On the other hand in the dog the nerves are more 
. difficult to separate without injury and exposure. In this animal, there- 
fore, the second method was tried; namely, occlusion of the thotacic 
aorta. The procedure was as follows: a flexible catheter, bearing at 
its end a thin indiarubber balloon, was passed down the carotid into the 
thoracic aorta. The blood-pressure was recorded from the femoral artery. 
When the pancreas was secreting vigorously the balloon was inflated 
with water’ from a strong syringe. This completely blocked the aorta, 
as shown by the curve of arterial pressure; it fell to the base line, and 
showed not the slightest signs of oscillations due to heart-beats, etc. 
(Fig. 9). Inspection of the other femoral artery confirmed this; it 
- was practically empty, without the slightest suspicion of any pulsations. 
A post-mortem examination showed that the balloon was in the thoracic 
aorta, well above the origin of the cosliac axis. It may. therefore be 
assumed that, by these means, the arterial to the is 
interrupted. 


Fig. 9. Dog. ©. E. morphia. Effect on rate of pancreatic secretion of obstructing the 
_ drops of secretion. x4. | 


It should be noted that i in both these methods the interference with 
blood-supply was brought about during, and not preceding, secretion, 
in contrast to the experiments of Pawlow, in which the circulation was 
obstructed before any attempt was made to induce secretion. .The 
former seems to me to be much the preferable form of procedure, as 
Pawlow’s method involves the disadvantage that the gland is in an 
abnormal condition before being called upon to secrete. ~ 

In the cat, excitation of the vaso-constrictor nerves during secretion 
produced the following effect. Commonly, a drop of juice appeared at 
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- the commencement of stimulation, but except. for this the rate of secre- 
-~ tion was decidedly: slowed during the whole time the stimulation lasted, 
generally two or three minutes. The more rapid the secretion is to 
start with, the. relatively less is the slowing produced by vaso-constric- 
tion. 
_ © Tt has already been stated above that a single drop of juice 
_ was often obtained from an inactive gland as a result of exciting the 
vaso-constrictors, The probable explanation, both of this and of the 
premature drop mentioned above, is that stimulation of the sympathetic 
causes contraction of the duct, thus squeezing out the drop in question. 
In the dog, the effect of complete occlusion of the thoracic aorta on 
the: rate of secretion is shown in Fig. 9. It will be seen that the 
stoppage of the circulation, which lasted nearly 4 minutes, produced an 
appreciable slowing of the secretion. But the fact that the flow of juice 
continues, and at a fairly rapid rate, for some minutes after complete 
cessation of the blood-flow through the gland, shows clearly that the 
secretory activity of the pancreas is not so closely dependent on the 
blood-supply as Pawlow suggested. The same fact is confirmed by the 
following experiment: a dog was prepared in the usual way for the 
injection of secretin. In addition the thoracic wall was partly removed, 
so as to allow free access to the heart, artificial respiration being of — 
course maintained, The secretin was then injected. When the resulting — 
secretion was well established the heart was very rapidly cut out of the — 
body, causing, of course, an immediate cessation of the whole circulation. 
As would be expected, the curve of arterial pressure fell immediately to — 
the base line, and remained there for the rest of the experiment. In 
spite of this the flow of j juice went on for some minutes, though the — 
drops fell at gradually 1 increasing intervals. | 
This experiment is comparable to the well-known one of stimulating 
the chorda tympani in the head of a recently decapitated animal, thus 
producing the flow of a few drops of saliva, And it shows that in this 
respect the pancreatic secreting cells resemble those of the. salivary 
glands; they can, for a time, pick up from the blood or lymph the 
substances needed for the elaboration of their secretion, even though 
the blood is quite stagnant in its vessels and is —* no pressure on 
walls. 
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CONCLUSIONS. 


1. The plethysmographic method forms a suitable means of re- 
cording the changes in the blood-supply of the pancreas. 

2. ‘The pancreas is well supplied with vaso-constrictor nerves ; these 
run, in the cat, from the solar plexus in the bundle of post-ganglionic 
fibres accompanying the coeliac axis artery. 

3. The secretion resulting from the intravenous injection of secretin. 


is accompanied by well-marked vaso-dilatation of the pancreas. 


4. The vaso-dilation resulting from the intravenous injection of | 
secretin appears to be secondary to the secretion, probably a result of 
the action of some katabolites on the vessels. — 

5. There is no direct relationship between the rate of secretion 


_ of pancreatic juice and the extent of its blood-supply. Secretion 


continues for some time after complete” cessation of the — 
circulation. | 


PH. XXX. 27 
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THE OSMOTIC PROPERTIES OF MUSCLE, AND THEIR 
MODIFICATIONS IN FATIGUE AND RIGOR. By 
W. M. FLETCHER, Fellow of Trinity College, sea 
(Eleven Figures in June} 


(From the Physiological Laboratory, Cambridge.) 


LIKE so many other fundamental phenomena in physiology, the passage 
of water from the blood to the tissues first received accurate experi- — 
mental enquiry in the astonishingly effective and early work of Stephen 
Hales'. He noticed that on the replacement of the blood by pure 
warm water, by gradual transfusion through the carotid artery in the 
dog, “all the parts of the body would during that time be continually 
swelling bigger and bigger, so that there would be a universal dropsy 
over the whole body.”...“All the muscles were swelled and the 
interstices of their fibres filled with water; and some of them were 
by this means washed white. All this was effected with a force of 
water no greater than that of the arterial blood in its natural state.” 

In a later experiment he approached the discovery of ‘ physiological’ 
_ salt solution, when by a similar method of transfusion he “ washed the 
blood vessels of a dog with ten quarts of water, in which five ounces of 
nitre had been dissolved, to try whether this liquor would more 
effectually cleanse the vessels, but it had the contrary effect ; for all the 
parts of the body continued very red, after long washing.”...“It was 
very remarkable that none of this dog’s muscles were convulsed by this 
nitrated water, as they constantly were when fair water passed into the 
arteries,” 

These observations, neglected for more than a hundred years, have 
been developed widely since the middle of the last century. Many 
observers, in seeking for a physiologically neutral salt solution as 
a substitute in experimental work for the water which Hales found so 
harmful, examined in detail the relations between resting muscle and 


1 Statical Essays, 1. ‘‘ Hemastaticks,” London, 1783. 
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various immersing solutions. Nasse’, for instance, determined the 
optimum concentrations of a long series of salt solutions, for the 
preservation of the irritability of a muscle exposed to them, and 
found the optimum to be that concentration at which the muscle neither 
lost nor gained water upon immersion,—a concentration which, in the 
case of many salts, was proportional to the molecular weight. 

A little earlier than this, Ranke* had demonstrated the significant 
fact that the normal relations between a particular salt solution and 
its immersed muscle are upset when the muscle is fatigued. He. 
‘showed, as is well known, that during muscular work in the living 
animal the blood becomes poorer in water and richer in solids, while 
the opposite is true of the muscles themselves, and to a corresponding 
degree. A similar relation appeared in the case of excised muscle, for 
this displayed a higher power of water absorption after, than before, 
fatiguing stimulation, when immersed in an indifferent salt solution ; 
and this increase ‘in water absorption due to fatigue was found to 
vanish, or nearly, when death rigor at a later stage had made its 
appearance. Ranke himself definitely attributed this increased uptake 
of water after fatigue to an increase within the fatigued muscle of 
dissociated products of contraction, which he imagined gave a higher 
power of ‘imbibition’ to the muscle, at the same time that fatigue 
diminished the muscle’s ‘ vitality, and, with that, its normal quality of 
resistance to the entry of water. The harmful products of activity, 
he believed, left the muscle as, or because, the water entered, while the 
subsequent restoration of vitality involved a recovery by the muscle 
of its former power of resisting the entry of water, and, indeed, of 
expelling what surplus had already entered. 

This account, although expressed in a superseded language, still 
contains all that we know of the actual facts of water absorption from 
salt solutions by muscles in varying conditions of rest and activity. 
Loeb* has applied the nomenclature of modern theories of osmosis 
to Ranke’s experiments, by conceiving of the muscle substance as 
if bounded by a semipermeable membrane, and by interpreting the 
increased power of imbibition possessed by fatigued muscle as an increase 
of osmotic pressure within it, due, as indeed Ranke had said, to the 
liberation of a large number of smaller molecules upon contraction. 
’ Overton‘ again has closely investigated the permeability of cells and 
their outer layers by various solutes and solvents, and has attempted to 


Pfiiger’s Archiv, 1. 8. 95. 1869. Tetanus, Leipzig, 1866. 
3 Pfiiger’s Archiv, uvt. 8. 270. 1894. 4 xon. 8, 115. 1902. 
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distinguish between the various osmotic factors in the polyphasic system 

of muscle-cells, perimysial boundaries, and connective. tissue spaces 

of which a muscle mass is constituted. But the experimental facts 

which Ranke described to illustrate the modifications produced by 
fatigue and by rigor in the osmotic properties of muscle have hardly 

been added to during the subsequent discussions of them. 

_ In following some of these modifications more closely, I have found 

that Ranke’s account only expresses part of the wide divergences which 

distinguish the osmotic behaviour of muscles under different conditions 

of fatigue and death. These divergences are so strongly marked and so 

easily demonstrated that I propose to describe them now, however un- 

certain at present their interpretation in terms of precise physical nomen- 
clature may be. It is possible that, determined only empirically, they 
may be useful in the experimental study of fatigue and of rigor, long 
before they can be definitely assigned themselves to a given set of 


physical factors, 


I. THE OSMOTIC PROPERTIES OF RESTING MUSCLE. 


It will be convenient to give a short account of the osmotic pro- 
perties of a resting excised muscle before proceeding to the ‘Gemetpon 
of their modifications under other conditions. - 

The flow of water to and from a muscle immersed in a given solu- 
tion is most conveniently determined by direct weighing of the muscle 
on the balance at successive time intervals. In the case of the gastro- 
cnemius a minimal length of tendon was left attached for convenience in 
manipulation; when the sartorius was taken, half a centimetre of silk 
thread was tied to the tendon of insertion, as Overton recommended, 
and used instead of the tendon for manipulation. In both cases the 
muscle on removal from the solution was rapidly freed from excess of 
superficial moisture by means of blotting-paper, weighed in a watch- 
glass, and again immersed. By the adoption of a constant routine in 
carrying out the minor details of drying and weighing, it was found that 
the error of observation could be certainly reduced to less than two 
milligrammes. The bulk of the solutions used in the shorter experi- 
ments was always very large (200—400 cc.) relatively to that of the 
immersed muscle; for the longer experiments the solutions were 
renewed at intervals. The distilled water with which the solutions were 
commonly made was obtained from a large metallic still. In order to 
exclude the possible interference of the so-called ‘oligo-dynamic’ 
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phenomena, described by Niageli’, and demonstrated in the case of 
amphibian muscles by Locke’, a set of control observations were made — 
in which water distilled over glass, without any contact with metal, was 
used. In these, and in other experiments when non-metallic distilled 
water was used, the results were precisely similar to those obtained in 
general, without this special precaution. 

In all the experiments to be described the gastrocnemius or sartorius 
of Rana temporaria was used. It was found unsuitable to carry on the 
work in the spring months. The results then obtained were in the 
same direction as those to be described for the autumn, but were 
relatively indefinite and badly marked. 

Tsotonic solutions. A salt solution ‘isotonic’ with a muscle is one 
in which the muscle, when immersed in it, neither gains nor loses 
weight. The concentration of an isotonic solution of sodium chloride, 
which throughout this paper will be referred to as ‘salt, has been 
determined rather variously by different observers. Nasse put it at 
‘6°/, for the frog’s gastrocnemius, but Cooke® at ‘8°/,. Overton‘ 
finds it to be ‘65 °/,—°725 °/, in the case of the sartorius. The exact 
value however of the isotonic solution varies not only with the tempera- 
ture and the nature and condition of the muscle, but probably also with 
the season and the species. My own results show ‘75°/, to be the 
approximate value for the gastrocnemius at 17° C., when no fibrillary 
twitchings occur. These slight spontaneous contractions commonly 
appear in isotonic and higher concentrations of pure sodium chloride 
solutions, and have the effect of raising the apparent value of concen- 
tration for weight equilibrium in the previously resting muscle. 

After some hours of immersion in the isotonic solution, the muscle, 
if it remain at rest, shows no increase in weight. If spontaneous 
twitchings appear, a gain in weight marks a slight regular intake of 
water. Apart from this, however, the muscle does not indefinitely main- 
tain its weight in an isotonic solution, for a slow gain in weight appears 
after about twelve hours of immersion, at 12—18°C. At higher 
temperatures this rise tends to be earlier. This later intake of water, 
apparently independent of the occurrence of spontaneous movements, is 
illustrated in Fig. 7, and it will be referred to again. 

Hypotonic solutions. Immersed in a hypotonic solution, a muscle 
takes up water, as Hales originally noticed; it gains in weight, and 


1 Denkschr. d. schweiz. naturforsch. Gesellschaft, xxxm1. 1898 (quoted by Locke). 
This Journal, p. 319, 1895. 
This Journal, xxm1. p. 187. 1898. loc. cit. 
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becomes white and bloated. It has long been known that, speaking © 
roughly, an increase in the amount of water absorbed by the muscle 
follows proportionately a decrease in concentration of the salt solution, 
a decrease, that is to say, of its osmotic pressure. And Loeb’ has 
suggested that, for the explanation of its osmotic properties, a muscle 
is to be considered as equivalent to a homogeneous sac, bounded . by 
a strictly semipermeable membrane. On this view the flow of water 
to and from the immersed muscle is a measure of the difference between — 
the osmotic pressures within and without the muscle. 

_ Recent observations, however, made from this point of view have 
shown that the weight increments of the immersed muscle do not 
correspond accurately with those to be expected on this hypothesis. 
Cooke® has determined the amounts of water taken up by similar 
muscles placed in different hypotonic solutions during a short period — 
(14 hours) of immersion, and found that the weight increments did not 
increase proportionately with the fall in concentration of the solutions, 
but increased more rapidly. In other words, the muscle when in a hypo- 
tonic solution, “ behaves like a solution having a higher osmotic pressure 
than the solution for which it is isotonic,” and absorbs more water than 
is to be expected. 

Overton, on the other hand, following the weight changes further 
than Cooke had done, but not beyond a point of maximal intake, 
_ which, for the resting muscle, he considered to be the stage of final 
equilibrium, found that the water absorption is less than the hypothesis 
demands. Both these authors introduce the consideration of other 
factors in explanation of the observed departures from strict agreement 
with the simple osmotic hypothesis, but both adopt the hypothesis as 
accounting for the greater part of the whole water intake observed. 
My own results agree with those of Overton, and show, like his, that 
the maximum water intake is less than that calculated upon Loeb’s 
hypothesis, but the detailed discussion of the other factors which are 
to be properly introduced to complete the quantitative explanation of 
the facts, may be postponed to a later section. 

The two curves shown in Fig. 1 represent the weight changes under- 
gone by a pair of similar muscles placed after excision in twu different 
NaCl solutions, respectively of ‘2°/, and -4°/,. The curves are drawn 
by plotting as ordinates, upon abscisse of time, the successive weights 
of the muscles determined at intervals throughout their immersion. 


1 loc. cit. 2 loc. cit. 
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It will be seen that the muscles take up water rapidly at first, more 
slowly later, and that the point of maximal intake is not reached until 
the end of a few hours, here not till after the seventh hour. The curves 
of water intake by the gastrocnemius and other bulky muscles in hypo- 
tonic solutions always have the same character as those given in Fig. 1, 


700 


Hourst e@ 3 4 5 6 7. 24 25 26 
Fig. 1. Changes in weight of a pair of resting excised gastrocnemii in hypotonic solutions. 
Temp. 14° ©. 
A. Ina ‘2°, NaCl solution. 3B. Ina-4°%/, NaCl solution. 
In the 7th hour, A just ceased to be excitable by the induced current, while B was 
excitable by an induced interrupted current just perceptible at the tip of the tongue. 
. Maximal weight was reached by A at the end of the 9th hour. 


but the velocities of absorption vary not only with the strength of 

solution, but with the temperature and the anatomical character of the 
muscle, and very notably also, as will be seen below, with its physio- 
logical condition. In the case of the sartorius for which a corresponding 
curve in the resting condition is given in Fig. 4, the pomt of maximum 
intake is reached much earlier. 

On reaching its highest point the curve of intake by the resting 
muscle indicates the attainment of a temporary equilibrium, which is 
followed sooner or later by a reversal of the previous direction of change ; 
the water then begins to leak away from the distended muscle and 
the muscle weight diminishes. This loss of water, corresponding with 
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a loss by the muscle of its osmotic properties, begins earlier and rae 
faster the more rapidly and completely the muscle has been distended, 
and it. is an especially marked feature accordingly when the weight 
changes of muscle are followed in the solutions of lowest. concentration. — 
Overton only observes it indeed in the case of the sartorius when 
immersed in a *2°/, solution, and he has taken the points of maximal 
absorption reached in the higher solutions as representing positions of 
final equilibrium. In all cases however the curve of absorption is ulti- 
mately diphasic, though the loss of water may be deferred for many 
hours where the intake, as from a nearly isotonic solution, is slow and 
small in amount (the example in Fig. 7 may be taken to illustrate 
this). The descending limb of the curve is commonly approximated 
to a straight line, or it tends to take on exponential characters, declining 
quickly at first and then more slowly. The ebb-of water, from the 
muscle, which it represents will be discussed again in a later section. 
Meanwhile it may be seen on inspection of Fig. 1 that the gain in 
weight by the muscle at the point of maximum intake falls short, 
as Overton found, of that to be expected on Loeb’s hypothesis. 
A ‘4°/, solution has approximately half the osmotic tension of an isotonic 
solution, but the muscle immersed in it does not double in bulk. 
A resting gastrocnemius in a °4°/, solution gains only about 50°/, of 
its original weight, at ordinary temperatures. In a ‘2°/, solution, again, 
the muscle shows a maximum gain of between 70°/, and 100°), of its 
original weight, and no more. 

What is typical however of the osmotic behaviour of resting muscle 
is the relatively long-continued intake of water, proceeding toa maximum 
which is not normally reached, in the case of the gastrocnemius, even 
in the solutions of lowest concentration, until after the sixth hour of 
immersion, at the ordinary temperatures (12—18°C.), 


' II, THE OSMOTIC PROPERTIES OF MUSCLE DURING FATIGUE. 


Ranke’s classical experiments in his ‘Tetanus,’ by which he showed 
that the water content of the blood is diminished during muscular con- 
traction, have been quoted already. He showed also that the power of 
imbibition, or as we should say, the osmotic pressure, of an excised 
muscle is increased after activity. A gastrocnemius, tetanised to ex- 
haustion, gained in weight on the average 4°/, more than its resting 
fellow, when both were immersed in distilled water for 10 minutes. In 
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a ‘'7°/, NaCl solution the exhausted muscle took up 11 */, more’ water 
in 2 hours than the resting control muscle. 

Cooke! has repeated these observations, and finds the fatigued 
muscle, of a pair immersed in a ‘2°/, NaCl solution, gains on the average 
from 9—10°/, more than the other, in a period which is not mentioned, 
but which probably, it may be gathered, was 1} hours. Since the 
gastrocnemius used in these experiments sometimes weighed 5 grammes 
and its load is expressed in kilos, it must presumably have belonged to 
a different and gigantic species. This confirmation of Ranke’s early 
results has béen taken by Loeb to support a particular view of the | 
mechanism of use-hypertrophy in muscle, and he regards, as Ranke 
did, the increased power of water absorption by the fatigued muscle as 
due to the presence within it of dissociated products of contraction. 

I have already pointed out? that these statements of an increased 
water intake from hypotonic solutions caused by previous activity only 
express one, and that not.the most obvious, of the striking modifications 
which fatigue produces in the osmotic properties of a muscle. In the 
course of other work I had attempted to take Ranke’s effect as a trust- 
worthy mark of fatigue, but I found that whether the. muscle after 
fatigue had absorbed more water, or less, than its resting pair from a 
hypotonic solution, at the end of a period of 2 hours, appeared to be 
perfectly fortuitous: The meaning of this irregularity became at once 
obvious as soon as the weight changes of the two muscles were followed 

side by side in the same solution by. periodic weighing from the be- 
ginning of immersion onwards. 

’ The curves shown in Fig. 2 express the results of such an experi- 
ment. The course followed by the resting gastrocnemius A, in the 
figure, is that already described, and is seen not to have reached the 

point of maximum intake at the end of 6 hours. The fatigued muscle, B, 
- from the same frog, shows at first a more rapid rate of water entry. 
This however very soon decreases, and the gain in weight has reached 
a maximum in little more than an hour from the beginning of im- 
mersion. From this point the curve B declines, crossing that of A, 
sinking now as rapidly as A rises, until at the sixth hour the difference 
in weight between them is three times the difference formerly established, 
- and in the opposite sense. 

This diphasic course followed by the weight increments of the 
fatigued muscle is more obvious to the hazy on direct inspection, 


1 loc, cit. 
2 Proc. Physiol. Soc. Nov. 8, 1902 (This Journal, xxrx.). 
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without the evidence of weighing. In favourable cases the earlier 
balance of size itt favour of the fatigued muscle, that shown by Ranke, 


Fig. 2, Changes in weight of a pair of excised gastrocnemii, in a :2°/, NaCl solution. 
Temp. 19° C. 
A, Resting. 8B. Fatigued, — 


can be detected on examination, but the later difference between the 
large bloated resting muscle and the small fatigued one, often apparently 
of only half its size, is always strikingly conspicuous. These appearances 
are shown by the photographs in Fig. 3, which illustrate a not more 
than average example. 


Fig. 83. (A) A pair of freshly excised gastrocnemii. Temp. 19° 0. 
(a) resting, "378 grammes; (b) fatigued -377 grammes. 
(B) The same, after 1 hour’s immersion in a -2°/, solution of NaCl. 
(a) resting, ‘502 grammes; (b) fatigued, ‘562 grammes. 
(C) The same, after 54 hours’ immersion in the solution. 
(a) resting, -702 grammes; (b) fatigued, -465 grammes. 
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_ In the particular case shown in Fig. 2 the difference between the 
weights of the two muscles in the earlier phase is well pronounced,—the 
fatigued muscle shows a percentage gain of 21 more than the resting. 
This difference is certainly above the average at ordinary temperatures; 
in some cases, indeed, the difference is one of only a centigramme or two. 
This early phase, that is to say, of the whole fatigue modification, how- 
ever significant it may be, is sometimes inconspicuous, and woeswonaed 
less conspicuous than the later reversed phase. 

In the case of the sartorius, in fact, it is in general very difficult 
to demonstrate the early ‘Ranke effect’ at all when weak hypotonic 
solutions are used. If care be taken to secure an autumn frog in fine 
condition it can be shown that the sartorius fatigued after excision 
absorbs water from a hypotonic solution, just faster during the earliest 
periods of immersion than its resting control from the other leg (Fig. 4). 
But more commonly, and apparently always when spring frogs are 
taken, the relation between the curves of absorption for the fatigued 
and resting muscles respectively is that shown in Fig. 5, where even 
in the first 12 minutes after immersion the fatigued muscle is the lighter 
of the two, and the results of enone and of Cooke apparently receive 
direct contradiction. 


B A 

250 
A 

200 

150 

Fig. 4. Fig. 5.- 


Fig. 4. Changes in weight of a pair of sartorii, in a ‘2 */, NaCl solution. (Autumn frog.) 


Temp. 12° 

A, Resting. 3B. Fatigued. 
(B was fatigued by stimulation with rapid induced shocks during 10 minutes, until no 
longer irritable with the secondary coil at 5 cms.) 


Fig. 5. Changes in weight of a pair of sartorii, in a 2°/, NaCl solution. (Spring frog) 


Temp. 12°5° C. 

A. Resting. Fatigued. 
(B was fatigued by stimulation at short intervals during 10 minutes by the interrupted 
induced current, until no longer irritable with the secondary coil at 6 cms.) : 
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In Fig. 5 the curve for the reacting muscle A is seen to decline 
rapidly from as early as the first hour of immersion, and Overton has 
recorded a similar early decline for a sartorius, as its irritability became 
abolished, after a 2 hours’ immersion in a ‘2 °/, solution. 

We may follow previous writers in explaining the increased rate of 
water absorption after fatigue as due to the presence within the muscle 
of a larger number of smaller molecules, liberated in the dissociative 
events accompanying contraction. These products of contraction would 
raise the osmotic pressure within the muscle, of which the outer layers 
may be considered as playing the part of a semipermeable membrane. 
We have still however to account for what is, as we have seen, an even 
more striking quality of the fatigued muscle, the subsequent reversal of 
the flow of water, with the consequent steady loss of weight by the 
muscle. This outward flow of water indicates a loss of internal osmotic 
pressure which at once suggests that the dissociative molecules, its 
cause, are leaving the muscle, and the characters of the descending limit — 
of the curve tend on the whole to favour such a view. 

The chief difficulty is in reconciling the evidence of a high initial 
osmotic pressure in the fatigued muscle with the subsequent ebb of 
water and the almost complete loss by the muscle at a later stage of its 
osmotic properties. A change of this kind in the permeability of the 
muscle fibres might be the result, or rather, as will be shown in the next 
_ section, would be a necessary result, of the establishment of the rigor 
condition in the fatigued muscle. If however the diphasic character of 
the curve depends simply upon the passage into rigor after fatigue, we 
should expect the critical point of change in the direction of flow to 
have reference not to the period of immersion but to the duration of 
fatigue. But the position of the apex of the curve has always: very 
nearly the same relation in time to the beginning of immersion and has 
no constant relation to the time of stimulation. 

The change in character of the imaginary membrane, of the muscle 
substance, that is to say, itself, might be regarded as an effect of the 
entry of water, acting mechanically, as by distension, or in other less 
direct ways. But it may be pointed out that a nearly two-fold entry of 
water is seen to occur in the case of the resting muscle without any 
reversal of its osmotic properties, within a period extending far beyond 
the time at which a well-pronounced ebb from the fatigued muscle has 
begun. For the present we must either conclude that the contents of 
the resting muscle, which endow it with its osmotic properties, but of 
which we have little specific knowledge, have disappeared during the 
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fatiguing stimulation, or, on the other hand, that the muscle substance 
has become readily permeable by them as a consequence of fatigue itself 
or of immersion and the entry of water. 

So far however as the new products of fatigue are maneead, it is 
possible that the imaginary semipermeable membrane is ‘leaky’ in the 
fatigued muscle, not by reason of a change in its own character brought 
on in an early period of immersion but because the molecules liberated — 
during contraction are able from their nature to diffuse through it, and 
the high initial rate of osmotic flow to the muscle is not necessarily 
incompatible with such a relation. For it is conceivable that bodies of 
high osmotic tension enclosed within such a ‘leaky’ membrane, nearly 

but not quite impermeable by them, might condition an initial entry of 
- water at considerable velocity during a stage preceding the effective 
presence of some escaping molecules outside the membrane, with its 
resulting fall of relative osmotic pressure within. If this could be 
realised, the flow of water across the membrane would tend to be 
diphasic, an exit of water succeeding the initial entry ; and I can show 
that such a diphasic flow may in fact be obtained in an artificial osmotic 
model, 

A simple osmometer was made by tying over the mouth of an 
inverted thistle-funnel a piece of the csophageal muscular wall from 
an ox. When a solution of high osmotic pressure is contained above 
the membrane, and the funnel is immersed in water, the rise of water in 
the funnel stem indicates the velocity of osmosis and should proceed — 
to a height representing a final osmotic pressure, if the membrane is 
strictly impermeable by the contained solute. If it is not strictly 
impermeable by it, however, the movements of the column of water in 
the stem will depend on the relative initial velocities of diffusion through 
the membrane of water and of the solute, and must at present be deter- 
mined empirically for every particular case of leaky membrane. 

It was found that for several solutes the muscular septum was just 
permeable, and in Fig. 6 the results of an experiment are given in 
which a 1°/, solution of lactic acid was placed inside the funnel, with 
water outside. The ordinates represent the successive heights of the 
fluid column above the zero, which was placed at the level of the water 
outside. As the curve shows, the column rose quickly in the stem at 
first, then more slowly to a point of maximum intake. From this it 
began gradually to sink, as traces of lactic acid, permeating the 
membrane, became demonstrable in the surrounding water. ) 

In this model then we have a diphasic flow of water strikingly 
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similar to the flow to and from a living fatigued muscle immersed 
in a solution hypotonic with reference to the muscle contents. For the 
present, it may be suggested that the diphasic flow in the case of the © 


(ms 
| 
5 ‘ 
3} +— 
Fig. 6. Movement of water to and from a membrane osmometer. 1 °/, lactic acid. 
Temp. 10°5° C. 


muscle depends upon conditions comparable with those arranged in the 
artificial scheme. It is extremely probable, no doubt, that in the case 
of the muscle other ‘factors play some part in the intake and in the — 
subsequent output of water, and that the permeability of the muscular 
substance itself changes as the distension of the muscle advances. But 
in the main it is justifiable to regard the rapid initial intake of water as 
conditioned by the presence within the muscle of molecules which, 
gradually diffusing to the outside, allow at a later stage the slowing and 
final reversal of the water current. 

Isotonie solutions. It is clear that a solution which is isotonic for 
a resting muscle will be hypotonic for a muscle after fatigue, and that 
while the former will exhibit no change in weight, the latter will take 
up water. The differences in osmotic pressure associated with the 
change in condition of the muscle will in fact be shown much more 
clearly in isotonic than in hypotonic solutions, and for a much longer 
period of immersion the fatigued muscle will remain more distended and 
heavier than its pair. 

The changes in weight undergone by a resting and fatigued muscle 
respectively are shown in Fig. 7, where they are plotted to form two 
curves. At the end of four hours’ immersion in a ‘75°/, NaCl solution, 
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the resting muscle had gained only 4 mgs., while the fatigued muscle 
had gained 68. From the 4th hour onward the fatigued muscle showed 
@ progressive loss of weight. In the resting muscle during the first four 
hours fibrillary twitchings, only just perceptible, appeared, and at the 
end of that time were noticed no longer. The slight gain in weight of 
this muscle may be attributed to that cause, while the more considerable 
gain from the 5th hour onwards may be assigned to the development 
_ within the muscle of spontaneous dissociative survival changes. Before 
the end of 24 hours the two curves crossed, the resting muscle becoming’ 
now heavier than the fatigued. 


Mgs A 
450 | 


3 4 5 6 25 48 

Fig. 7. Changin weight of «prof in aniston ation. 

Temp. 14°C. 
A, Resting. Fatigued. 


The weight changes in the fatigued muscle show here the same 
diphasic course as that already described, but occurring along a more 
extended time scale. In the resting muscle the gain in weight, 
beginning late, advances very slowly up to a maximum reached soon 
after the 26th hour (a maximum approximately the same as that 
reached in 4 hours by the fatigued muscle), and is eventually succeeded 
by a loss. The curve, that is to say, for the resting muscle, is diphasic, 
if followed for a sufficiently long time. Here we may refer this diphasic 
flow, at least for the present, to the development in the muscle, and 
a subsequent diffusion from it, of products of survival dissociation 
comparable, if not identical, in nature with the more rapidly developed 
dissociative products of the fatigued muscle. The ultimately diphasic 
character of the osmotic flow to and from an immersed resting muscle 
will be discussed in the last section. 
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i, sae 3 INFLUENCE OF OXYGEN UPON THE OSMOTIC PROPERTIES 
OF FATIGUED MUSCLE. 


The striking ‘silat which are caused by fatigue in the 
osmotic properties of muscle have been accounted for by reference to 
the dissociated products of contraction, «hich, although they bring 
about a high initial osmotic pressure within the muscle, are capable ~ 
nevertheless of leaving the muscle with some rapidity under suitable 
conditions, 

In a former paper I have shown that a liberal contemporary supply 
of oxygen to an excised muscle not only gives rise to an increased 
output of CO, during contraction, but at the same time notably delays 
the appearance of fatigue phenomena, and postpones, if it does not 
abolish, the onset of rigor mortis. It was suggested that this delay of 
rigor mortis and fatigue, effected by the presence of available oxygen, is 
a sign of the completeness with which the dissociative processes of the 
muscle, given the presence of oxygen, result in the formation of free 
CO,; and that, on the other hand, the hastening of rigor or of fatigue in 
a muscle under anerobic conditions is due to an increased accumulation, 
owing to deficient oxidation, of the metabolic products of muscle which 
are potentially and normally the immediate precursors of the CO, 
discharge, 

Since it is to sisi metabolic products that the special osmotic 
properties of fatigued muscle have been generally attributed, we should 
expect, if this view of the action of oxygen upon fatigued muscle is to 
be sustained, that the fatigue modification of osmotic properties should 
tend to disappear under conditions of abundant oxygen supply. And 
this has been found experimentally to be the case. 

If two corresponding muscles of the same frog are similarly fatigued, 
and one of them exposed to an atmosphere of oxygen, while the other, 
_ for control, is exposed under otherwise similar condition to an indifferent 
gas, or even to air, it is found that their osmotic properties, subsequently 
examined, show that the former has returned towards the resting 
condition, while the latter still shows the typical fatigue modification. — 
In Fig. 8 the results of such an experiment are expressed in graphic 
form. In this case the two gastrocnemii were similarly, and approxi- 
mately equally, fatigued by tetanic spasms in the brainless frog induced 
by strychnine. After excision, one, A, remained over night in an 


* This Journal, xxvut. p. 474. 1902. 
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atmosphere of oxygen, confined in a tube of 100 ce.; the other, B, was 
placed in a similar tube, similarly moistened, containing air. The 
osmotic properties of the two were subsequently determined by succes- 
sive weighings during their immersion in a ‘2°/, NaCl solution. It 


300 
Hours \ 


Fig. 8. Changes in weight of a pair of gastroonemii, similarly fatigued. Temp. 16° 0. 
B. ” 


brainless frog. 


will be seen that the weight changes undergone by A are those 
characteristic of the resting condition, while those shown by B are 
typical of a fatigued muscle. The contrast between them is exactly of 
the same kind as, though less pronounced than, that already described 
for the fresh resting and the freshly fatigued muscles (Fig. 2). 

Results similar in all respects to these are obtained when the 
muscles are fatigued, not by strychnine spasms, but by induced shocks 
sent through them when connected in series. By either method it is 
easy to secure a nearly precise equality of physiological condition in the 
pair. Control observations have been made to show the identity in 
osmotic properties of a pair of muscles when similarly fatigued in either 
of these ways, and when the oxygen supply is the same for both. The 
details of such control experiments are not given here, but it may be 
said that the course followed by the weight changes of two paired 
muscles similarly fatigued and similarly manipulated in every way is 
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found on immersion in hypotonic solutions to be the same within the 
limits of experimental error. 

It is not proposed to enter here upon a detailed iain of the 
nature of this restorative action of oxygen. The multitudinous observa- 
tions which have established the dependence of the irritability in 
surviving cells upon a supply of oxygen, have been taken by different 
observers to support, in general, either of two hypotheses of the nature 
of the vital oxidative processes. The oxygen has been supposed on 
the one hand t6 condition that particular instability of the living 
molecules which is necessary for normal metabolic change, or, on the 
other hand, to enable the normal metabolism to proceed, by neutralising 
or removing from the cell, through some direct oxidative change, the 
toxic inhibiting products of its own activity. There is no need to 
consider these hypotheses as being in conflict, and there is not the 
least reason at present for the assumption, which Verworn’ in 
-@ recent discussion of them has implicitly adopted, that they are 
mutually exclusive. The reversal of the osmotic fatigue modification in 
muscle which has been shown to be effected by an abundant oxygen 
supply, must have an important bearing upon this question as soon 
as the osmotic properties of both fatigued and normal muscle have been 
more definitely resolved into’ known chemical and physical factors. 
_ Meanwhile, as we have seen, if the explanation generally advanced for 
the Ranke effect of fatigue be provisionally accepted, the influence 
of oxygen in reversing it is most naturally explained in terms of an — 
oxidative removal of fatigue products. For the present, however, the 
results given in this section are advanced only as fresh evidence of the 
restraining influence which is exercised by a contemporary oxygen 
supply upon the development of fatigue phenomena. : 


IV. THE.RELATION OF RIGOR MORTIS TO THE OSMOTIC PROPERTIES 
OF MUSCLE. 


The modification produced in the osmotic properties of a uals 
by the advent of rigor mortis does not seem to have been adequately 
described. Ranke* announced that the difference in absorptive power 
between a resting and a fatigued muscle disappeared with the onset of 
rigor: he found that after 48 hours’ immersion in a ‘7°/, NaC! solution. 
the = muscle, by that time in ngor, showed an only just = 


1 Die Biogenhypothese, Jena, 1908. 
2 Tetanus, Leipzig, 1865. 
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| ceptible advantage in weight over the resting control muscle (14°/, gain 


against 13°/,) It is probable, however, that in this experiment the 
resting muscle, as well as the fatigued, was at or near the end of its 
diphasic variation in weight, quite irrespective of the onset of rigor in 
either, It is not at the end of a long period of immersion, but only at 
its beginning, that the modification produced by rigor can be demon- 
strated. 

If in an experiment similar to that described on p. 429 the pair of 
muscles, equally fatigued by strychnine spasms, be kept for a longer 
time after removal from the body in atmospheres of oxygen and 
nitrogen respectively, the differences subsequently found in their 
osmotic behaviour on immersion in hypotonic salt solutions become 
more noticeable. The muscle deprived of oxygen loses, as it enters 
into rigor, more and more completely its osmotic properties, and is 
found to change in weight very little, if at all. Such a result is shown 
in Fig, 9. © 

The two ‘muscles, after similar fatigue, were exposed, one to an 
atmosphere of oxygen, the other, under conditions otherwise the same, 
to an atmosphere of nitrogen. After 24 hours the latter was stiff and 
unirritable, while the former was irritable still and hardly changed in 
appearance. I have shown previously that this difference is to be 
expected; for the onset of rigor is delayed, apparently indefinitely, in 
an atmosphere of oxygen’. After immersion in a ‘2°/, NaCl solution 
the weight changes of the irritahle muscle followed nearly the course 
characteristic of a resting muscle, and gained 70°/, of its own weight in 
3 hours. The stiff muscle on the other hand showed a very slight initial 
gain, followed by a slow loss, and after 3 hours had gained only 5}°/, of 
its weight. 
| This maintenance of weight in hypotonic solutions appears to be 

a constant characteristic of muscle which has entered the rigor con- 
dition; the gain in weight natural to freshly excised muscle is abolished 
more and more completely in proportion as the rigor condition 
becomes established throughout the muscle. In Fig. 10 another 
example is given: here two gastrocnemii were similarly fatigued by 
induced shocks sent through them in series just after excision. One, 
A, was then exposed to moist air for 18 hours, the other, B, to moist 
coal-gas for the same time. On immersion in the hypotonic solution 
A — in weight in the manner characteristic of fatigued muscle, 


This Journal, p. 474. 
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increasing 115°/, by weight in the first two hours. B, after an insig- 
nificant increase in the first half-hour of less than 4°/,, remained at 
constant weight for 4 hours. The onset of rigor may be shown by this 
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Fig. 9. Fig. 10. 
Fig. 9. Changes in weight of a pair of gastrocnemii, similarly fatigued, in a ‘2 °/, NaCl 
solution. Temp. 18°C. 
A. Exposed to oxygen for 24 hours after fatigue and excision. 
The fatigue, like that shown in Fig. wos caused by 
Fig. 10. Changes in weight of a pair of gastrocnemii, excised and resting. —_ 
A. Exposed to air for 18 hours after excision. 
B. ” coal-gas ” ” 


and other methods, and indeed by simple inspection, to proceed more 
rapidly in an atmosphere of coal-gas than in one of hydrogen or of 
nitrogen. The carbon monoxide, which is contained in large quantities 
in the gas, does not only stand in place of available oxygen but abolishes 
the oxygen-carrying capacities of the respiratory pigments left in the 
muscle and its vessels. 

Seeing that within an excised fatigued muscle which has advanced 
to the stage of rigor in the absence of oxygen the dissociated products 
of activity and of survival breakdown must still be retained, presumably 
unaltered,—products whose accumulation perhaps determines and may 
be measured by the physical change of state that the stitfening marks, 
—we should expect a high osmotic pressure within the muscle and 
a rapid intake of water from hypotonic solutions. That this rapid 
intake of water should be exhibited by fatigued muscles before, but not 
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after, their stiffening, is only to be explained on the supposition that 
the permeability of the muscle substance is profoundly altered in the 
rigor condition, and that we have no longer, as we have in the fatigued 
but unstiffened muscle, the equivalent of a semipermeable, or nearly 
semipermeable membrane. 

The loss of osmotic properties which accompanies the onset of rigor 
is independent of the anatomical arrangement of fibres in the muscle. 
Maintenance of weight in hypotonic solutions is even more marked in 
the case of the sartorius than in that of the gastrocnemius described. 

Varieties of rigor. Although in natural rigor (zeitstirre), whether 
or not preceded by fatigue, the semipermeability of the muscle 
substance disappears, it need not follow that other kinds of rigor are 
accompanied by a similar loss of osmotic properties. In this respect 
however it is found that nearly all varieties of rigor experimentally 
produced are the same. Heat-rigor, and the rigor produced by agents 
like chloroform vapour or lactic acid, result in the disappearance of the 
capacity for gaining weight in hypotonic solutions. But there is at 
least one artificial. change in physical state which in some degree 
restores certain osmotic properties to a muscle even after it has entered 
rigor, and that is the rapid heat-coagulation of its proteids. 
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Fig. 11. Changes in weight of a pair of gastrocnemii, immersed in a °2°/, NaCl solution. 
A. Coagulated by immersion in normal saline solution at 90° C. and cooled. 
B. Inheat-rigor ,, ar ” 40° C. ” 


If one of a pair of muscles be brought to heat-rigor by immersion in 
normal salt solution at 40° C., while the other, either after heat-rigor, 
or directly from the fresh condition in one stage, be coagulated by 
immersion in normal salt solution at 80°C. or higher, their weight 
changes subsequently determined in a hypotonic solution, after time 
allowed for cooling in moist air, are not found to be similar. The 
results of a typical case are scen in Fig. 11. It is shown here that 
while the muscle B, in heat-rigor, gained slightly and then lost in 
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weight, remaining on the whole nearly constant in weight, the doagu- 
lated, A, steadily gained in weight through four hours. How far this 
exhibition of slight osmotic properties is due to a return of semi- 
permeability to the muscle substance along with the coagulation, or to 
that in combination with the presence in the muscle of a different set 
of decomposition products, must now be left uncertain. | 


V. ConcLuUSION AND SUMMARY. 


It has already been pointed out that the amount of water absorbed 
from hypotonic solutions by a freshly excised resting muscle does not 
increase proportionately with a decrease in the concentration of the 
immersing solution in the manner which is to be expected if we adopt 
the hypothesis due to Loeb, by which the muscle substance is supposed 
to present the characters of a strictly semipermeable membrane 
enclosing contents at a certain osmotie pressure. 

Cooke, as we have seen, who determined the amount water 
absorption only at the end of a short chosen period, found: that it 
increased more rapidly than the fall of concentration, and explained this 
apparent increase of osmotic pressure in the muscle as due to dissocia- 
tive processes inside it, caused by the entry of the water itself, and 
caused earlier in the case of the weaker immersing solutions by the _ 
faster intake of water. This assumption of a stimulating action of — 
water upon muscle is quite unsupported, and is actually opposed by 
evidence obtained in the study of water-rigor, in one direction by 
Biedermann’, and in another by myself*. It is probable that Cooke 
owes her conclusions to her method of comparison of weight increments 
estimated at arbitrary periods without reference to the velocity of 
change in different solutions, or to the position of final weight equi- 
librium. If the water absorption be followed to the point of maximum 
intake, it is found, as Overton’s results and my own show, not to 
exceed but to fall short of the amount demanded by Loeb’s hypothesis. 

Overton finds, for instance, that an immersed muscle mass is not 
doubled in weight by lowering the osmotic pressure of the solution by 
one-half, as we should expect if Loeb’s conception of the muscle as 
a simple watery solution bounded by a catia chen cate membrane held 

1 Siteungsber. d. Kais. Akad, d. Wiss. in Wien, xevit. ut. Abth. 1888. Electrophysio- 
logie, p. 805. Jena, 1895. 
_ This Journal, p. 85. 1898. 
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good; and an example in point is given in Fig. 1 above. Overton, in 
~ accounting for this discrepancy, has pointed out that a muscle, as 
excised, is a complex system not at all comparable in structure with 
a simple sac, and in his own observations he has paid special attention 
to this point. He regards the muscle envelope—consisting of both 
perimysium internum and of the sarcolemma tubes,—as fairly permeable 
by most dissolved crystalloids, but the muscle substance itself as 
quite, or nearly, ‘impermeable, when intact, for most inorganic and 
many organic compounds. When a muscle is placed in a hypotonic 
Solution he imagines that as it takes up water, owing to the higher 
osmotic pressure within it, and increases in bulk, a quantity of fluid, 
previously contained within the interstitial connective tissue spaces, is 
mechanically pressed out of the general muscle mass. How far this 
loss of interstitial fluid can account for the whole discrepancy between the 
observed maximum weight increment of the general muscle mass and 
that calculated upon the simple osmotic theory, he has even attempted 
to estimate quantitatively by microscopic inspection of fixed muscles. 
The estimation leads him to believe that the loss of interstitial fluid is 
not large enough to account for the experimental results, and he 
suggests that within the muscle substance itself the water is not all in 
the condition of solution but is in part fixed as hygroscopic or imbi- 
bition water. | 

In these calculations Overton has assumed that the point of 
- maximum water intake marks a position of final osmotic equilibrium, 
whether or not other processes have a positive or negative influence 
in determining the maximum. When solutions of concentrations from 
‘7°/, down to *4°/, or even “3°/, are used for immersion, he speaks of the 
muscle weight as being maintained for many hours nearly constant in 
weight at the point of maximal absorption. In ‘2°/, solutions however 
he finds that a sartorius muscle, which loses its irritability rapidly, 
even during an hour’s immersion in the solution, may show a marked 
decline in weight after two hours,—its fibres having in that time lost 
their semipermeable characters,—and that it becomes lighter by loss of - 
water than a corresponding muscle in a ‘3°/, solution. 

In my own experiments I have not found it possible to draw this 
distinction between the ‘2°/, solution and those of greater concentration. 
For in all the hypotonic solutions I have noticed that sooner or later, 
according to the concentration, the intake of water, after reaching 
a temporary maximum, is succeeded by a loss of water. The loss 
which Overton notes as occurring rapidly in a ‘2°/, solution, I find to 
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occur, only less rapidly, in all hypotonic solutions, after sufficient 


immersion. In fact it may be said that the loss of osmotic properties 


by the muscle, the loss, that is, of the semipermeable characters of its 
fibres, with the consequent ebb of absorbed water from the swollen 
muscle, presents itself more rapidly and decisively, in proportion as the 
muscle has undergone distension. The ebb is, accordingly, earliest 
and most decisive when the solutions of lowest concentration have 
been used. : | 

In what manner the semipermeability of the muscle becom 
progressively abolished as the water enters must here be left uncertain. 
It has been said that we have no evidence of chemical breakdown due 
to the entry of water as such, but we have a probable cause of the pro- 
gressive ‘leakiness’ of the fibres in the gross physical violence of the 
distension itself, with or without other unknown changes. 

The facts render it at the least very doubtful whether the muscle does 
not begin to lose its semipermeable qualities as the entry of water 
proceeds, even before the maximum point is reached. This is a possi- 
bility not taken into account by Overton in his calculations already 
referred to, though it is a possibility which deprives them of their one 
trustworthy factor,—that part of the water intake which is calculable 
upon the osmotic theory. To explain the amount by which the ob- 
served water intake falls short of that to be expected on the simple 
osmotic: view of Loeb, he has hypothetically added to the water 
entering by osmosis an amount of fixed water of imbibition, so that — 
these two together shall exceed the observed total intake by the 
weight of fluid which is expelled from the interstitial spaces as the 
muscular fibres swell up. Of these three factors two are estimated at 
a guess, and the third, the amount of water entering by osmosis, is only 
accurately calculable if the muscle be supposed to offer strictly semi- 


permeable characters continuously up to the maximal point of dis- 


tension. 

A ‘leakiness’ however of the imaginary membrane, following upon 
the water absorption, would allow us to account not only for the loss of 
water occurring in the second phase, but also for the- discrepancy 
between the maximal distension calculable on the osmotic theory and 
the distension, falling short of this, which is actually observed. We 
have seen that this discrepancy is constant’in direction but not in 
amount,—that, for instance, the gain in’ weight by a resting gastro- 


cnemius in a °2°/, solution cannot be expressed more accurately than 


by placing it somewhere between 70*/, and 100°/,. This is a result. 
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also to be expected if we have to deal with a ‘leaky’ membrane, for 
while the point of equilibrium between the two phases of flow and ebb 
will always lie below the calculated maximum of flow, it will not he 
- at a constant distance below it, irrespective of the temperature and of 
trifling variations in physiological condition. And the fact that the 
maximal weight increments on immersion in given solutions cannot, 
as I think, be expressed more accurately, is in itself, on the other hand, 
a strong deterrent from calculations of such detail as those of Overton, 
made for*the assignment of definite shares in the maximal intake of 
water to definite physical processes. 

When a resting muscle is immersed in an isotonic solution, a slow 
gain in weight is seeii to begin after some hours (Fig. 7), and apparently 
to proceed pari passu with the development within the muscle of 
‘bodies of higher osmotic pressure. The slowness of this entry of water, 
and the long period which elapses before the flow is reversed and 
the ebb begins, indicates that the muscle substance in this case, where 
there is no gross distension, does not lose its semipermeable characters 
until a time when the survival changes within it have resulted in 
a ‘leakiness’ which is either absolute, or possibly indeed only relative 
to the new products of survival breakdown. 


‘The results which have been given may be summarised as follows: - 

1, The changes of weight undergone by a resting amphibian 
muscle when immersed in isotonic and hypotonic salt solutions have 
been followed, and are found to pursue a course which is characteristic 
of the resting condition. 

2. In hypotonic solutions the maximum intake of water, at this 
point of temporary equilibrium, is considerably less than it should be if 
the volume of the muscle increased in inverse proportion to the osmotic 
pressure of the immersing solution. This is a result in confirmation of 
the observations of Overton, but opposed to those of Cooke, who 
determined the weight-increment of the muscle only at the end of a 
short period after immersion. 

3. The changes in weight of a muscle immersed after fatiguing 
stimulation have been similarly determined, and these are found to 
follow a characteristic course notably different from that described for 
the resting state. The increased capacity for water-absorption, due to 
fatigue, which Ranke discovered, is shown to correspond only with 
the former of two phases in the curve of absorption by the fatigued 
muscle, It is exhibited only in the earliest period of immersion and is 
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succeeded by a much longer and more conspicuous stage in which the 
fatigued muscle rapidly loses water as the resting muscle continues to 
absorb it. 

4. Sufficient exposure of a fatigue meus to an atevonphers of 
oxygen restores to it in a marked degree the osmotic — charac- 
teristic of resting muscle. 

5. The onset of rigor, induced by. fatigue, by irritant pointing, or 
warming, is accompanied by a loss of osmotic properties, A stiffened 
muscle maintains a nearly constant weight throughout: immersion in 
hypotonic solutions. 

. An exception to this result is deci in the case of muscles which 
have undergone heat-coagulation at temneratures of 75° to 100° C.; 
these show a slight but noticeable gain of weight in hypotonic sclations. 
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ON THE UNION OF THE FIFTH CERVICAL NERVE 
WITH THE SUPERIOR CERVICAL GANGLION. By 
J. N: LANGLEY anp H. K. ANDERSON. 


(From the Physiological Laboratory, Cambridge.) 


It has been shown! that the vagus nerve in the neck contains nerve 
fibres’ which are capable of making functional connection with the 
nerve-cells of the superior cervical ganglion. The vagus in this region 
contains pre-ganglionic fibres for various visceral structures comparable 
with the pre-ganglionic fibres of the cervical sympathetic, so that the 
union of the vagus with the superior cervical ganglion is explainable 
without any great strain on the theory of essential differences existing 
between different classes of nerve fibres. _ 

The fifth cervical nerve contains no pre-ganglionic fibres ; it contains 
efferent and afferent somatic fibres, and post-ganglionic sympathetic 
fibres, d priori it did not seem probable that any of these classes of 
fibres should be able to make functional connection with sympathetic 
nerve-cells, but we thought it well to put the question to the test of 
experiment. We have made two experiments, both on cats. The 
results are so decided that it seems to us unnecessary, so far as regards 
the main point, to make further experiments. The experiments were 
as follows. 

Exp. 1. Deo. 2, 1901. of the right cervical 
sympathetic in the neck were removed. The 5th cervical nerve where it issues from the 
muscles ventrally was cut, a thin silk thread passed through it, the thread was also passed 
through the peripheral end of the cervical sympathetic and the ends of the two nerves tied 
together ; 187 days later the animal was given first chloroform and then A,C.E. mixture, 
and then several nerves stimulated. 


Exp. 2. July 29, 1903. Young cat. The procedure was as in Exp. 1. The examina- 
tion of the state of the nerves was made after 112 days. 


In both cases stimulation of the 5th cervical nerve cael in 4 
greater or less degree the usual effects niga by stimulation of the 
cervical sympathetic. 


1 This Journal, xxur. p. 240. 1898. 
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In the first experiment it caused prompt and great contraction of 
the arteries of the ear, moderate retraction of the nictitating membrane, 
slight opening of the eyelids and bulging of the eye, very slight erection 
of the hairs of the face area, and minimal dilatation of the pupil. 

In the second experiment it caused prompt and great contraction 
of the arteries of the ear, good though not maximal retraction of the 
nictitating membrane, separation of the eyelids and bulging of the eye, 
good erection of the hairs of the face area, and slight dilatation of the 
pupil. 

Thus the effects were greater in the second than in the first experi- 
ment, but in both there was great control over the arteries of the ear, 
and but slight control over the pupil. 

Stimulation of the cervical sympathetic near the inferior cervical 
ganglion gave no effect, so that the 5th cervical had not acquired its 
sympathetic action by an outgrowth of fibres from the cervical sym- 
pathetic. 

In order to determine whether the fibres of the 5th cervical nerve 
produced their acquired effect by way of the superior cervical ganglion, 
18 milligrams of nicotine were injected intravenously in Exp. 1, and 
warm 0°5 p.c. nicotine was painted on the sup#tior cervical ganglion in 
Exp. 2. In both cases the nicotine abolished for a time’ the effect of 
stimulating the 5th cervical nerve, just as it abolishes for a time the 
normal effect of stimulating the cervical sympathetic. We conclude 
then that some fibres of the 5th cervical nerve had made functional 
connection with the nerve-cells of the superior cervical ganglion. 

Since the’ 5th cervical nerve contains vaso-motor post-ganglionic 
fibres, it seemed possible that it was these fibres in this nerve which 
had united with the sympathetic cells; and such a union was suggested 


by the predominant vaso-motor effect of the nerve in Exp, 1. 


This was tested in Exp. 2. The post-ganglionic fibres of the _ 
5th cervical nerve arise from the ganglion stellatum. This ganglion 
and the branches given off by it were stimulated. The stimulation’ 
had no effect on the arteries of the ear, or on the nictitating membrane 
or on any of the structures of the head normally controlled by the sym- 


1 In Exp. 1 the paralysis lasted about 15 minutes only for the vaso-constrictor fibres, 
and about 20 minutes for the fibres supplying the nictitating membrane and other 
constrictor muscles of the eye. 

2 The nerve was stimulated before and after removal of the lower part of the cervical 
spinal cord. Before the removal, stimulation caused slight reflex effects on the pupil and 
eye of the opposite side, unless large excess of A.C.E. was given or unless the stimulus was 
weak, in: which cases the effect was confined to the same side. 
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pathetic, although it caused copious secretion of sweat on the fore-foot, 
accompanied by vascular contraction. It follows then that the post- 
ganglionic fibres of 5th cervical nerve had not united with the cells of 
the superior cervical ganglion. 

In order to obtain positive evidence that the acquired connection was 
made by somatic nerve fibres, the roots of the 4th cervical to 1st thoracic 
nerves inclusive were tied, and the spinal cord in this region removed. _ 
Stimulation of the 5th nerve in the vertebral canal caused contraction 
of the vessels of the ear, withdrawal of nictitating membrane, erection 
of hairs in the face area, and the other effects already described as pro- 
duced by stimulation of the nerve outside the vertebral canal. The 
other cervical nerves and the Ist thoracic were without any action in 
the region of the cervical sympathetic. 

The evidence is we think fairly conclusive that some of the nerve 
fibres contained in the roots of the 5th cervical nerve had ‘ united’ with 
the nerve-cells of the superior cervical ganglion. And as there is no 
- reason to suppose that the 5th cervical nerve contains any special kind 
of fibre, we conclude that certain somatic nerve fibres are capable 
in favourable circumstances of making functional connection 
with sympathetic nerve-cells. We are carrying on further observa- 
tions in order to determine whether this power belongs—as we should 
naturally assume—to efferent fibres only, and if so whether it is universal 
or confined to certain classes of efferent fibres. ace are one or two 
subsidiary points to notice, _ 

In both experiments the paralysis produced by section of the cervical 
sympathetic ran, so far as we noticed, the course which is normal after 
such section in the absence of regeneration; the pupil remained markedly 
smaller than on the sound side, there was the usual partial recovery in — 
the position of the nictitating membrane, eye, and eyelids; and the 
usual considerable recovery in the tone of the vessels of the ear. Thus | 
the 5th nerve did not appear to have acquired any ionic action upon 

the superior cervical ganglion. Nor in the few observations that were 

_ made did movements of the neck and shoulder, which would normally — 
involve the passage of impulses by the 5th nerve, cause movement of 
the nictitating membrane or dilatation of the pupil ; the observations on 
this point were however too few to be conclusive. 


In Exp. 1 attention was paid to the occurrence of ‘paradoxical’ effects; whilst 
chloroform was being given, the nictitating membrane quickly protruded on the side of the 
~ lesion so as to cover about half of the cornea. In deep but not excessive anwsthesia the 
paralytic effects on the cut (right) side persisted: on increasing the amount of the A.0,E. 
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mixture, the pupils enlarged and became about equal, but the nictitating membrane was 
more retracted on the right side. On injecting 18 milligrams of nicotine, the effects of 

- stimulation, dilatation of pupils, ete., occurred first on the right side, and from this time on 
paradoxical effects were present in the pupil, nictitating membrane, or eyelids ; thus, both 
pupils being nearly maximal the right pupil was rather larger than the left and this 
difference persisted after death. In the early part of the experiment both ears were warm 
and flushed, soon after the injection of nicotine the right ear became pale, the left | 


remaining flushed. 

_ In Exp. 1 the reflexes obtainable from the cervical sympathetic 
and. from the 5th cervical nerve joined to it were compared. The 
5th cervical nerve stimulated with weak currents caused on both sides 
dilatation of the pupil, etc. and twitching of the tactile hairs of the 
face; stimulated with slightly stronger currents it caused some body 
movement, The cervical sympathetic stimulated near its junction with 
the dSth cervical nerve caused on both sides dilatation of the pupil, 
retraction of the nictitating membrane and other related effects, but it 
did not cause twitching of the tactile hairs or body movement. In 
passing toward the superior cervical ganglion the reflex effects became 
less and less, and near the ganglion it was doubtful whether they were 
obtained at all. Though it must be remembered the reflexes were 
much diminished by the deep anesthetic, the result shows that the 
afferent fibres of the 5th cervical nerve had only to a slight extent 
grown down the cervical sympathetic, 

The: histological condition of the sympathetic peripherally of the 
point where it was joined to the 5th cervical nerve was noteworthy. 
In both experiments it consisted almost entirely of medullated nerve 
fibres, and in both eases a considerable number of the fibres were larger 
than those normally found in the cervical sympathetic. The number 
of fibres 6 to 8 w in diameter was especially great in Exp. 2, and 
here they ran, though diminishing in number, as far as the head end of 
the superior cervical ganglion. The occurrence of these fibres appears 
to us to: be in favour of the view that in regeneration, the new fibres 
grow out from the central nerve stump, and to be against the view 
that such fibres are formed im situ in the peripheral cut portion.. 
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ON THE INFLUENCE OF TENSION UPON THE CON- 
TRACTION OF SKELETAL MUSCLE AT =: HIGH 
‘TEMPERATURES. By KEITH LUCAS. — Figures 
in the Text.) 


the Physiological Laboratory, 


work. Experiments upon this question were by 
Schenck’ in 1894, showing that at temperatures above 30°C. an. 
arrested contraction relaxed earlier than an isotonie contraction. In the 
same year Blix’ suggested that such results as those obtained by 
Schenck were due to apparent prolongation of the isotonic curve, owing 
to the inertia of the recording lever used. To this Schenck’ replied in 
1895, by applying to the curves previously published‘ a correction for 
inertia, and showing that such correction did not abolish the early 
relaxation of the arrested curve. Finally in 1896 Schenck‘ stated that 
he had repeated his experiments with a light recording lever, and had | 
obtained results similar to those published before, but showing less 
hastening of relaxation; while Blix* in the same year published an 
experiment, also made with a light lever, in which at 32°C. the 
arrested contraction showed a relaxation later than the isotonic. 

The contradictory results obtained by these two observers rendered 
it probable that their experiments were affected by varying degrees of 
instrumental error; but unfortunately no sufficient details of the record- 
- ing apparatus used in either case were published. I have therefore 
repeated the experiments, with the object of showing, first, what result 
is obtained when the recording apparatus is made as free as possible from 
_ the errors of inertia, and, second, how far this result may be deformed 
when such errors are allowed to exist. 


1 Schenck. wee ges. Physiol. tv. p. 626, and iv. p. 606. 
‘2 Blix, Skand. Arch. f. Physiol. v. p. 164. 

* Schenck. Arch. f. d. ges, Physiol, ux, p. 895. 

4 Arch, f. d. ges. Physiol. ww, p. 611, Fig. 3a. 

* Schenck. Arch. f. d. ges. Physiol. uxu. p. 505. 

* Blix, Skand. Arch. f. Physiol. vi. p. 240: Fig. 8. 
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Methods. Overthrow of the recording lever depends upon the ratio 
of the forces acting in an upward and a downward direction upon it, at 
the instant when the muscle ceases to exert an upward pull. If the 
angular. velocity of the lever at that instant be supposed to be constant 
throughout a series of experiments made upon muscles under like 
conditions, then the upward force is simply proportional to the moment 
of inertia of the lever. Similarly, the acceleration due to-gravity being 
constant, the downward force is measured by the mass of the lever at 
unit distance from its axis. The overthrow therefore depends upon the 


Moment of inertia of lever 
which ratio may be spoken 


of as R. 

Experiments were first made with a lever for which the value of R was 
small. R was then increased, and the difference in the resulting curves 
was measured. For the determination of R in each case the value of 
the moment of inertia of each lever had to be determined. This was 
effected by means:of an oscillating table’, arranged to mark its period 
of oscillation upon a rotating drum, through an electric time-marker. 

A photographic recording apparatus was used, in which a light 
mirror, moved by the muscle, deflected a spot of light. The spot of light — 
fell upon a celluloid film, wrapped round a rotating drum. The appara- 


Fig. 1. Photographic recording apparatus, 4 full size. 
1 Cf. e.g. Worthington, Dynamics of Rotation, 1902, p. 79. 
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tus (Fig. 1) resembles in essential points that described by Blix’ in 
1395, or that described later by Brodie and Richardson* To the . 
short lever shown in Fig. 1 wooden prolongations were added when 
alterations in the value of R were desired. | 

The muscles used were gastrocnemii of the frog, stimulated by 
a maximal break induction shock, either directly or indirectly. Heating . 
- was effected by a large water-jacket, enclosing the muscle with its sup- 
ports and electrodes completely. The temperatures recorded were those 
of the air within the jacketed chamber. 

Eaperiments. In order to avoid the errors due to changes of 
irritability of muscle or nerve, occurring during an experiment, the 
arrested contraction was in every case sandwiched between two isotonic 
contractions (cf. Fig. 2). From the curves obtained in this way 


Fig. 2. Isotonic and arrested contractions. Temp. 31°C. R=1°2. 


measurements were made of the duration of the isotonic and arrested 
contractions at the height at which arrest took place. In the first table 
given below is shown a series of such measurements, drawn from experi- 
- ments in which a lever having a low value of R was used. 

A. Experiments in which the moment of inertia of the lever was 
- 0°36 gram-centimetre units, and the mass at one centimetre from the 
axis 0°3 gram, whence R= 1°2. 


1 Blix. Skand. Arch. f. Physiol. v. p. 185, Taf. 6. Figs. 7, 8. 
2 Brodie and Richardson. This Journal, xx. p. 353. 
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Mean duration of isotonic Duration of arrested _ 


4 30° C 
! 29 18°5 22 
28 8°5 1:12 
382 
33 18°8 
33 58 5:8 
28 80 84 
81 19°5 22. 


If the mean of all the isotonic times in this table be taken as equal - 
to 100, the corresponding mean value for the arrested contractions is 
123, so that the mean prolongation due to arrest is 23/,. In two cases 
only did the arrested contraction fall before the isotonic, and in neither 
of these was the difference between the durations of the two contractions 
considerable, It appears therefore that the normal effect of tension at 
these high temperatures is to prolong the time of contraction. : 

In the next three tables is shown the effect of prolonging the record-_ 
ing lever, and so increasing the value of R. 


B. Experiments in which the value of R= piesa 1°4 (cf. Fig. 3). 


1°05 
Temperature Isotonic duration Arrest duration 
80°5° 10°25 9°5 


31 975 9°5 


Fig. 3. Isotonic and arrested contractions. Temp. 30°5°. R=1:4. 


The arrested contractions in these experiments show a duration 5°/, 
less than that of the isotonic. — 
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a Experimenta in which R= = 234 (ef. Fig. 4). 
Temperature Tsotonic duration Arrest duration 
82 °C. 12°8 | 6 
$2°5 9°7 4°5 
45 


Fig. 4. isotonic and arrested contractions. Temp. 325°. R=2-34. 


In this case the mean of the arrested contractions shows a duration 
52 °/, less than that of the isotonic. 


D. ‘Experiments in which R= = 45. 


Temperature Isotonic duration Arrest duration 
0. 1562 15 
29 20 11 


Here the mean of the arrested contractions shows a duration 64°/, 


; less than that of the isotonic. 


From the experiments included in these four tables it is clear that, 
when the value of R is increased, the isotonic curve is prolonged beyond 


the arrested curve. That this prolongation is due to the overthrow of 


the levers having the higher value of R, is made evident. by such a series 
of curves as that of Fig. 5. For the lower of these curves R =0°9, for 
the upper, R=27'8. The overthrow increases not only the height, but 
also the duration of the latter curve. Two slight irregularities in this 
curve, one in the ascending, and the other in the descending limb, are ~ 
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due to looseness in the fastening, by which the heavy wooden prolonga- 
tion is attached to the light recording lever. Where the first irregularity 
decurs the heavy arm has begun to pull the recording lever upwards ; 
the second irregularity marks the beginning of the reverse process. 


Fig. 5. In the two lower curves R=0°9, in the upper curve R=27°8. 


The value of R is thus seen to be an important factor in the results 
of experiments involving the duration of rapid muscular contractions. 
It would therefore appear to be a reasonable conclusion, that such 
experiments should be considered to afford insufficient data unless the 


value of this ratio for the apparatus used is known, 


SUMMARY. 


Experiments made with a photographic recording apparatus show 
that the effect of tension upon frogs’ skeletal muscle, contracting at 


temperatures about 30° C., is to prolong the time of contraction. 


Moment of inertia of recording lever: . . 
As the ratio Mass of lever at unit distance from axis nee ) the 
effect is reversed. 


This reversal is shown to be due to overthrow of the recording levers. 
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THE ACTION OF THE RAYS FROM RADIUM UPON 
SOME SIMPLE FORMS OF ANIMAL LIFE. By 


WILLCOCK, Newnham Oollege, Cambridge. 
(From the Physiological Laboratory, Cambridge.) 


One of the most remarkable features of the action of radium rays upon 
the higher animals is the absence of any direct response on the part 
of the sense organs. The skin may be destroyed by the rays without 
any concomitant sensation of pain, and even the retina seems to be 
completely insensitive to them’. This fact suggested an attempt to 
determine whether any response to the rays could be obtained from 
Protozoa and other simple forms of life. ' 

For the purposes of the experiment three amounts of radium 
bromide were used—50 mgrs., 10 mgrs. and 5 mgrs. respectively. The 
animals were exposed either in shallow cells with a mica floor, the radium 
being underneath, or in hanging drops over the radium. In the former 
case the a rays were,cut off, in the latter the a, 8, and y rays had 
access. Controls were used in all cases, either in duplicate cells or 
drops. In order to prevent evaporation the exposures were carried out 
in moist chambers. 

Euglena viridis.. A supply of the larger variety was obtained. At 
the time of experiment these were encysted and congregated in dense 
clumps. There was no evidence of spore formation; the encystment 
was due probably to unfavourable conditions. 

A clump showing no motile forms was put in a mica cell over 
5 mgrs, radium bromide, the whole being in a moist chamber. On the 
following day motile and semi-motile cells made their appearance, this 
continuing, until on. the third day the clump was entirely broken up. 
A control clump was quite unchanged. The’ latter was then put over 
the radium, and at the end of 24 hours many of the se ca were in 
a more or less motile, amceboid condition. 

Six similar experiments were performed, using 5 mgrs. of radium 


Hardy and Anderson. Proc, Roy. Soc. p. 893. 1903. 
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bromide. One experiment was performed with 10 mgrs., and one with 
50 mgrs. radium bromide. The final result was invariably the same, 
but the increase in the amount of the radium hastened the response. 
Three of the above experiments were performed in daylight, and the 
rest in darkness or gaslight. Light did not seem to affect the result in 
any way. In no instance did the control specimens become motile. 

It is noteworthy that the Euglenas never bevame fully active, even 
after exposure to radium for three or four days, neither did they again 
encyst. They displayed slow, twisting movements but no rapid motion 
from place to place. It is however known that the larger variety of 
Euglena viridis is of a sluggish nature. 

With keeping, the stock of encysted euglonus-deteriorated—their 
chlorophyll content diminished, and some of the cells disintegrated, 
while putrefactive organisms increased in the water.. The effect of — 
diminished vitality upon the response was marked ; it caused a decided 
delay in the assumption of the motile state. 

A second series of experiments was performed on a small and 
actively motile form of Euglena. A lead diaphragm 3,mms. thick, 
having a central hole of about 4 mms, diameter. was interposed between — 
the radium and the experimental cell, thus confining the Q-rays to that 
portion of the cell above the aperture. The motile Euglenas showed 
no tendency either to avoid or to accumulate in the path of the rays. 
This negative result, however, is of little importance, since according 
to Jennings’ it is almost or quite impossible }to obtain a directive 
response to any stimulus from Euglena. 

Confinement in a limited quantity of water at length caused these 
small and active forms to encyst, and it was then found impossible 
to reawaken them by the use of radium. Spore formation, however, 
took place, and seemed to be hastened by the radium, active zooids 
making their appearance. 

The apparent contradiction in these results is due probably to the 
different conditions of the organisms at the time of the experiment, 
rather than to any fundamental difference’ in the two varieties. 
Danysz*and Bohn? have come to the conclusion that the physiological 
state of the cell largely determines its reaction to radium rays. The 
encysted Euglenas used in the first experiments had been in that 
condition for some time without spore-formation, and although green 
and apparently healthy, they were probably in a very different 


1 Amer, Journ. of Physiology, m1. p. 235. 1900. 
Comptes Rendus, oxxxvi. p. 462. 1903, Ibid, p. 1018. 1908. 
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physiological state from that of the active forms used in the second 
series. 

Stentor viridis. The. experiments were seibincoenl with 50 mgrs. of 
radium bromide: In order to obtain proof of direct: response, Stentors 
attached to weed, etc. were put in a mica cell under the microscope ; the 
radium was arranged on a sliding sub-stage, so that it could be brought 
under, or removed from the experimental cell without jerking or in any 
way disturbing the latter. Low gaslight illumination was used, since 
this causes no direct response from Stentor. Three different specimens 
were thus examined. Every effort was made to exclude stimulation by 
vibrations, to which Stentor proved to be very susceptible. Assuming 
the success of these efforts, then Stentor gives a direct response to 
radium rays by contracting when they fall upon it. 

One clear result follows from these experiments, namely, the marked 
' decrease in irritability and in the rapidity of contraction and extension 
which follows repeated exposure to the rays. Thus a fresh specimen at 
first contracted after 5 minutes’ exposure, but at the fourth exposure 
this period had increased to 35 minutes, After the fourth exposure the 
animal seemed to have lost the power of giving a response. ~ 

Other specimens were examined for a directive response, and ‘lecided 
negative radio-taxis was found. Sixteen actively swimming <i ators 
were left for a night in a cell through the middle of which a pencil of 
8 rays passed. Next morning 15 of the animals were settled well 
outside the path of the 8 rays, while one injured specimen was in the 
path of the rays. The cell was then moved so that a cluster of five 
came within the rays ; in a few hours these had moved into the screened 
_ part of the cell. 

Hydra viridis and H. fusca. Both the forms already dealt with gave 
a definite response to the rays, and both contained chlorophyll, but it 
was the numerous experiments with Hydra which gave the first clear 
indication of the fact that chlorophyll is in some way an agen‘ in the 
process, for though Hydra fusca was killed by adequate exposure to the 
radium rays it at no time gave any immediate response to them. 

In each experiment with Hydra a single specimen was used, and it 
was allowed to fix itself to the floor of the cell before exposure. 

Twelve specimens of Hydra viridis were used, in cells partially 
screened by the lead diaphragm. Of these, nine moved out of the 
pencil of 8 rays, detaching themselves and crawling to another part of 
the cell. When moved back into the rays the animal again shifted its 
position, to regain the shelter of the diaphragm. With each immersion 
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in the rays the response became slower; a fresh specimen usually took 
from 15 to 30 minutes in emerging from the rays, while a “tired” 


‘specimen might be an hour or two in once more regaining shelter. 
“The power of response is not confined to dark-adapted Hydras: it 


takes place both in full daylight and in absolute darkness. It is not 
due to the feeble light emitted by the radium, since (1) Hydras move 
towards light, and (2) the response was not prevented by a screen of 
black paper. Three specimens failed to give any response beyond 
remaining in the rays in a contracted state. Of those three two were 
small, enfeebled specimens. 

It was thought that. the action of the radium on the animal tnight 
be indirect, the direct cause of the response being changes in the water 
induced by the rays. In order to test this a paraffin cell was prepared, 
with an escape tube. A burette was set up in such a manner that its 
point of discharge was below the level of the water’in the cell. Water 
was now passed through the cell throughout the experiment. There 
was no dropping, and the rate of flow was so adjusted that the Hydras 
remained fixed and quiescent. Four experiments were thus performed 


with different specimens. In three of them, when the radium was 


brought underneath the cell, the animal moved out of the 8 rays. The © 
fourth experiment was performed on one of the three specimens 
mentioned above which gave no response in .still water—no response 
was obtained. 

Green Hydras after exposure to the 8 and y tays for 44 hours lived 
for some days, apparently very little injured. Another specimen 
survived 12 hours’ exposure. — 

Hydra fusca. Twelve individuals were used. In only 01 one case did 
the animal move out of the 8 rays, and this response could not be 
repeated. The other specimens did not move out of the f rays, but 
were apparently much more injured by them than was Hydra viridis. 
Comparatively short exposures resulted in death and rapid disintegra- 
tion, the oral disc being the part first affected. 

A few additional experiments with a rays were performed on Hydra 
viridis. Two strong specimens were suspended in a hanging drop over 
50 mgrs. of naked radium bromide, being thus exposed to a, 8, and ¥ rays. 
Their vitality was feeble at the end of one hour; disintegration began 
after two hours’ exposure. The full stream of rays therefore has a very 
violent action. 

Experiments were made to determine whether the capacity for 
response was located in any particular part of the animal. Gamble and 
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Keeble’ have shown that the mechanism for the response of the green — 
Convoluta to light is localised in the anterior end of the animal. By 
repeating these experiments on Hydra I found that th response is due 
to the nervous system of the oral disc. Specimens were divided trans- 
versely at different levels, and it was found that the foot. end would 
remain passively in the 8 rays, while the anterior end crawled about, 
and in most cases succeeded in emerging from the rays and then came 
to rest in the screened portion of the cell. When the division was made 
about half-way down the body, the anterior end always moved out of 
the rays; when it was made just below the tentacles, the small anterior 
portion seemed to have lost the power of attaching itself to the floor of 
the cell, and the movements therefore became ineffectual. | 

Opalina, Nyctotherus, and Balantidiwm. These forms from the 
intestine of the frog were tried as examples of colourless organisms. 
They gave a completely negative result in respect of the facts, (1) that 
they suffered no obvious harm by 24 hours’ exposure to the rays from 
50 mgrs. of radium bromide, and (2) that they showed no tendency to 
move either into or out of the rays. Probably no species of Infusoria | 
excels these forms in the rapidity and certainty of their directive response 
to stimuli*; the negative result with radium rays is therefore doubly 
interesting. 

Actinospherium. Only one was for experiment, 
and it gave a negative result so far as any response was concerned. 
_ The animal appeared to be quite irresponsive to the rays—its pseudo- 
podia were not withdrawn, and it died after about an hour’s exposure 
with them still extended. 

Rotsfers were present on many cecasions in the cells, and they 
never displayed any tendency either to seek or avoid the path of 
the rays. | 


SUMMARY AND CONCLUSION. 


Two points are brought into prominence by these experiments. 
The first is the fact that the resistance of animals to the lethal action _ 
of radium rays varies very much with different species. Thus in the 
rays from 50 mgrs. of radium at 4 mm. distance Hydra fusca and 
Actinospherium begin to disintegrate in a few hours, while Hydra 
viridis, Nyctotherus, Balantidium, Opalina, and se. dees show no signs 
of injury in perhaps 24 hours. 


1 Gamble and Keeble. Quart. Journ. of Mier. Sci, p. 368. 1908, 
* Of. Dale. This Journal, xxvi. 291. 1901. 
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The second point is the more interesting and anomalous. Of all 
the forms examined only such as contained chlorophyll gave a response 
other than that of being injured or killed by the rays. In Euglena the 
response took the form of a change of state from encystment to activity. 
In Stentor and Hydra viridis it took the form of coordinated movement 
to escape from the rays, and this means in the case of the latter a definite 
and normal response on the part of the neuro-muscular system. | 

Hydra fusca is killed by the rays without showing any other sign of 
being affected by them. It extends its body and tentacles in quite 
a normal manner right in their path and it dies in the extended state. 


‘Hydra viridis on the other hand is directly responsive. Now there 


seems to be little doubt that the chlorophyll of Stentor and of Hydra 
viridis ‘is contained in parasitic algw*. One is therefore confronted with 
the curious probability of these parasitic organisms — as sense 
organs for the rays. 
An explanation which suggests itself is that the rays disturb the 
balance between host and parasite by modifying the metabolism of the 


. latter. An attempt to detect an effect of the 8 and y rays upon plant 


metabolism however failed. Mr Hardy exposed liverworts from which 
all starch had been removed by darkness to the 8 and y rays from > 
50 mgr. of radium for periods up to 48 hours without any fresh produc- 
tion of starch’. 

A point of minor interest is the much greater resistance offered 
to the lethal action of the rays by H. viridis as compared with H. fusca. 
This may or may not be due to a protective action of the chlorophyll. 
The very different degree of resistance manifested by different forms 
makes it impossible to decide. 

The responsiveness of Stentor and Hydra viridis decreases with 
exposure to the rays. This seems to be analogous to the absence 
of response to light, which is manifested by the green coloured Convoluta 
Roscoffensis as the result of exposure to light of too great intensity*. 
And it is to be noticed that Gamble and Keeble have conclusively 
proved that the green colouring matter af Convoluta is due to a 
parasitic alga. 

I gladly gto the help which I have received from Mr Hardy 
in this work. 


1 Bee Mém. de VAcad. Imp. des xxxvin. §. 
Beyerinck, Botan. Zeits, xivm1. p. 725; and Gamble and Keeble, loc. cit, 

* Dr Anderson has shown that the tissues of leaves may be killed by radium rays, 

* Gamble and Keeble, loc. cit. 
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A MODIFICATION OF PROFESSOR SCHAFER’S FROG 
HEART PLETHYSMOGRAPH, WITH SOME OBSER- 
VATIONS ON THE METHOD OF USING IT. By 

 Caprain R. H. ELLIOT, MB, BS. Lonp. etc, LMS, anp 
E. BURNETT, B.A. (One Figure in Text.) 


(From the Physiological Laboratory, University of Edinburgh.) 
In the prosecution of some recent researches on the action of snake 
venom it was found necessary to make considerable use of Schifer's 
plethysmograph. An account of the manner in which the difficulties 
encountered in this work have been overcome may prove of interest 
to others similarly engaged’. 
The Instrument. This is, with a few modifications, the same as that 
in use in Professor Schafer’s laboratory, and is shown in the diagram, 
to which all letters in the text refer. 
1. The mouth (M) should be sufficiently wide to allow of the heart 
being easily passed into the receiver () without risk of abrading its 
surface whilst doing so. If this is not attended to, or if the endothelial: 
layer of the visceral pericardium is in any way damaged, troublesome 
leakage may be the result. 

2. It is of advantage to have the cylinder (S) in which the piston 
works made of metal. The objection to glass-tubing is that it can seldom 
be obtained with a sufficiently uniform bore. Consequently the piston 
does not work evenly in it, and bubbles of air are drawn behind the 
piston, or oil is driven in front of it, thus altering the level of the base- 
line of the tracing, and modifying it in a manner purely accidental. 

3. In choosing the material for the piston it is necessary to consider 
the question of friction; thus it is advisable to have the piston of a 
different metal from that of the cylinder, or even of a different material 
altogether, We find that a bone piston working in a — cylinder 
satisfies all requirements. 


1 My share in this work has been done whilst on special duty for snake venom research _ 
under the order of H. E. the Secretary of State for India (R. H. E..). 
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4. The diameter of the cylinder is of some importance, inasmuch as 
_ the excursus of the piston varies inversely as the area of the diameter. 
- Too large an excursus is not an advantage.. The diameter of the piston 
~ used by us is about 5 mm. : 


g 


om: 


MMMM 


or vulcanite may therefore be used. For the same reason a hollow 
piston is preferable, and it is an advantage to have the working-face 
hollowed out, and the piston of some length, say 1 cm. long. When the 
groove or hollow in the working-face is filled with oil it acts as “packing” 
for the piston; moreover, the long body of the piston prevents the point 
of the indicator-needle from falling when the anes is well out sowards 
the end of the cylinder. 


. 5. It is advisable to have as light a piston as possible ; aluminium 
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6. The cannula is best made of thin metal, as large as is consistent 
with its passage into the frog-ventricle. Double cannulas made of glass, 
although cleanly, are difficult to obtain quite cylindrical and without a 
groove where the two tubes have been joined, —_— 

7. Mariotte’s flask arrangement for maintaining a constant level of 
the fluid perfused is preferable to the funnel ordinarily used, and for 
accurate work should be employed. The effect of change of level is very 
apparent when working with a heart which is approaching exhaustion. — 

8. The diagram shows the arrangement of tubes. These should be 
as short as is consistent with efficient working. The turning off of one 
solution, and the adfnission of another, must be so ordered as to entail 
@ minimum of disturbance of the apparatus, and so as to ensure that as 
little delay as possible occurs before the new fluid reaches the heart. 

9. The drum, which is of course used horizontally, travels about 1 cm. 
in 10 minutes. 

The Fluids used. Almost every experimenter uses a different fluid, 
and we may naturally suppose that the exact composition of the fluid is 
not very important. We have yet to find, however, a fluid which gives 
the same prompt, regular, and maintained action that one gets from a 
blood mixture, The fluict we have used for perfusion is composed of 
one part of defibrinated blood, shaken up with two parts of Ringer’s 
solution. The latter was made according to Rusch’s ‘prescription, and 

is as follows? :— 


NaHCO, 01 gram. 
CaCl, 

KCl 

NaCl 


Distilled water 1000, 


Rusch lays stress on the necessity of dissolving the salts in the order 
given above to avoid precipitation. _ 

It is essential to substitute Ringer's fluid for the oil commonly used 
in the receiver (R) of the instrument. We are absolutely convinced 
that failure to obtain satisfactory results in the use of Schafer’s 
plethysmograph is almost entirely due to the practice of immersing the 
heart in oil. The slightest trace of free acid in the medium speedily 
interferes with the activity of the heart. 

The Steps of the Operation. : 

(1) Large frogs must be used, German frogs ate csulenta) 


_ being very suitable. 
Vide Pfiiger’s Archiv, uxxm. p. 546. 
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(2) All preparation of the instrament should be made beforehand 
in order to avoid loss of time after the heart is removed from the body. 


- The heart seems to work both more quickly and better if it is transferred 
_ direct from the frog into the instrument. 


(3) Fill the cylinder (S) with oil up to the tap (r"),. which should 
be kept shut, and then pass the piston into place by gentle pressure, 
taking care to enclose no bubbles of air within the cylinder. 

(4) Fill the body of the instrument with Ringer's fluid, and shut 
the tap (7') of the escape-tube, after seeing that it is free of air. Be 


_ careful that the instrument is filled with fluid up to the brim. 


- (5) Fill the system of rubber tubes with their'appropriate fluids in 
the following way :— 

Fill NV with the normal fluid for perfusion, and V with the solution 
under examination, the stop-cocks being meantime closed. Put on clips 
at 3 and 5, and turn on the stop-cock of V; the fluid will displace the 


air in the tube and air-trap (A) and rise to the level of the fuid in 


N. Release the clip at 5 for a moment until any air imprisoned in the 
neighbourhood of the clip has been expelled, and replace at once. Now 


remove the clip at 3 and put it on at 4 as soon as the fluid begins to 


issue ; and as soon as the section of the tube between the T-piece and 
the air-trap to V is quite full another clip must be fixed to 2. 

The stop-cock of V should now be closed and that of V opened. As 
soon as the fluid from V runs freely through the tube at 1 put on a clip; 
the fluid will then rise to the level of that in the reservoir V. : 

The whole system is now filled with fluid, the tubes being absolutely 
free from air. Should any bubbles be hereafter carried down from the 


reservoirs, as may occur should the operator overlook the replenishing 


of the reservoir, they will be forced into the air-trap and carried away 
by the upright vent, no air being introduced into the heart. This is 
highly important, for a heart will not contract firmly on air which it 
cannot expel. At least this is our experience. 

(6) Expose the heart in the usual way, taking care, however, to 
open through the shoulder joints instead of cutting through bone, as 
rough edges are apt to tear the heart during the subsequent manipu- 
lations. Having cut through the frenum and made deep cuts in the 
abdominal wall to allow of a free drain of blood, remove the two lobes 
of the liver, and lay the frog on its back on a folded cloth with its head 
dependent. This causes the heart to fall backwards, and greatly facilitates 
the single-handed introduction of the cannula, Cut freely in the hori- 
zontal direction into the sinus, just below its junction with the auricles, 
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and wash the heart free of blood by means of a stream of Ringer's fluid, 
taking care that no bubbles of air enter the chambers of the organ. It 


_ is convenient to have a funnel mounted on a stand always on the table 


for the above purpose ; it should be provided with a clip or stop-cock at 
the lower end, just above the cannula. Next pass the cannula up through 
the slit in the sinus, right into the ventricle, after previously cutting 
through the auricular septum with a pair of fine scissors introduced 
through the same aperture. Allow the cannula to rest in place by its 
own weight, and slip a loop of string over the ventricle. If this falls 
into good position at once draw the string tight and complete the knot. 
It is however far safer, to first cut the heart free from all attachments, 
taking care to cut each structure as far from the ventricle as possible ; 
then with two forefingers work the heart into the desired position, and 
ask an assistant to tie it. The ventricle must be put straight on the 
cannula, with the point of the latter well inside its cavity but not pressed 
too far therein. The ligature should consist of a single loop of string, 
and should be placed as near the auriculo-ventricular groove as possible. 
If it infringes on the ventricle there will not be room for full dilatation 
of the latter’s cavity, and the stroke of the piston will therefore be a short 
one. If, on the other hand, it encircles the auricle above the groove 
the auricular walls belly upwards at each stroke, and any chance bubbles 
of air become imprisoned there and cannot escape. As a result con- 
traction is imperfect and irregular. 

Before attempting to introduce the cannula into the heart, it is 
advisable to fill it with Ringer’s fluid. We do this in the following 
way,—To each limb of the cannula we attach a piece of rubber-tubing 
with a clip at its free end. Suction fills the whole system with Ringer's 
fluid, which cannot escape if the clips are doing their duty. 

When the cannula has been inserted into the heart we remove 
tube 4 of the instrument, and attach one of the cannula tubes in its 
place, taking care by pressure of the fingers that no air gets in when 
the clip is removed. The stop-cock at W is then opened, and the clip 


removed from the rubber-tube on the opposite limb of the cannula. 


If, as usually happens, a free flow of fluid occurs, the cannula with 


the heart attached is at once placed in position in the receiver of the 


plethysmograph, taking care to open tap 7’ while so doing, in order to 
avoid undue pressure on the organ. The moment the cannula is in 
place the tap 7’ should be shut and the tap 7” should be opened. The 
pulsations of the heart are now conveyed to the cylinder in the tube S. 

If a free flow does not take place at once the great probability is 
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that there is air in the heart, or that the cannula is blocked. One may 
often remedy the defect by reversing the direction of the flow, or by 


» sucking the exit-tube #. We deprecate all such measures as electrical 
stimulation of the heart, the passage of wires down the cannula, etc. 


Occasionally, one has to exercise a little patience before the heart starts 
beating. It is seldom advisable to manipulate the tubes or piston 
whilst so waiting. 

It is most necessary to put a coating of lard on the stop-cocks and 
on the stopper of the receiver before commencing work, to ensure easy 
and safe working. 

An alternative method of maintaining the level of the liquid in the 
feeding-reservoir consists in having an exactly similar receptacle, pro- 
vided with a glass stopper, stationed immediately above it. The stop- 
cock to this supplementary reservoir is so regulated that it drops the 
fluid into the ordinary one at exactly the same rate as the delivery of 
liquid from the escape-tube of the heart. This is especially indicated 
when the drug to be perfused is an expensive one, and the flow is rapid. 
These conditions prevailed in many of our a and we were 
obliged to use the fluid over and over again. 

Stand. This has been constructed with a view to utendinens We 
are indebted to Mr J. Ednie, mechanician to the Physiological Labora- 
tories of the Edinburgh University, for the trouble he has taken in 
carrying out our suggestions, and for the skill with which he has made 
the instrument. We may add that he is able to supply the complete 
instrument to anyone desirous of possessing it. 

“We desire to acknowledge the valuable assistance we have received 
from Prof. Schafer, as well as to thank him for permission to work 
in his laboratory. — 
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ON SOME EFFECTS OF THE CONSTITUENTS OF 
RINGER’S CIRCULATING FLUID ON THE PLAIN 
MUSCLE OF RANA TIGRINA. By R ROW, MD. 


(Lond.), B.Sc. (Lond.). (Fifteen Figures in the Text.) 


_ (From the F. D. Petit Laboratory, Byculla, Bombay.) 


In a former communication (This Journal, xx1x. p. 400) I pointed out 
some effects of the constituents of Ringer’s circulating fluid on the 
contractions of the skeletal muscle of Rana hexadactyla and Rana 
tigrina. Since then I have extended these observations to the plain 
muscle of the same animals. | 

Method. This is a modification of that used by previous experimenters 
on plain muscle, The stomach of the frog is excised between the 
esophageal and pyloric ends and its mucosa is exposed by slitting it 
up along the lesser curvature, and after washing it with a gentle stream 
of normal saline, the mucosa is peeled away. Its connexions being loose, 
the mucosa comes away entire and without any appreciable damage to 
the muscular coat. The entire muscular sheet is now placed in a saline 
bath, and on watching it one can observe the organ undergoing a slow 
contracture and assuming the form of a curled-up hollow tube. This 
gives an indication of the direction of the plane of the smooth fibres; for 
it is only in the middle half of the organ that the muscle wall undergoes 
a symmetrical and uniform contraction in a transverse direction, the 
pyloric and cesophageal portions being contracted asymmetrically, owing 
possibly to the obliquity of the fibres and also an admixture of longi- 
‘tudinal fibres found in these situations. Now 3 or 4 ribbons 4 to } cm. 
wide are cut out with parallel snips of scissors from the middle half of 
the organ (transversely) and placed for a few minutes in a saline bath, 
and of these the best, viz. the one curling up in the most symmetrical way, 
is selected and fixed in the muscle-bath chamber, and adjustments are 
made with recording apparatus in the manner indicated in the diagram 
here given. The only part of the apparatus which needs to be described 
is that relating to the electrodes. Of these, one, X, is a fine silver wire, 
led into the bath but insulated from it through a glass tube, and 
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terminating in the form of a fine spiral which ends in a hook piercing 
one of the (moveable) ends of the muscle ribbon. The terminal 


| 


L, M, N, clips: X, Y, wires to and from electrodes: 4, B, muscle-bath, C, elastic | 
counterpoise to lever. ; 


coil of this electrode in addition te the support it gives to the muscle — 
ribbon, while admitting of an easy extension during the contraction of 
the muscle ribbon, serves admirably (owing to the gentle spring of the 
coils) to restore the muscle ribbon to its original position and exerts 
a gentle and steady tension on the preparation during its relaxation. 
The other electrode Y is formed by a definite depth of fluid into which 
is led a wire piercing through the floor of the bath, which is drained 
(up to the level A) each time the stimulus is sent in, and into which 
the lower fixed end of the muscle ribbon constantly dips. 

The first series of results were recorded ‘by means of a crank myograph 
and a pulley arrangement, similar to that used by De Zilwa'. But 
owing to friction and other disadvantages it was found not delicate 
enough to record the spontaneous contractions (if any) and it had to be 
aleamaed in favour of the present one, which serves all practical 


This Journal, p. 205. | 
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purposes—in spite of the disadvantage of an elastic band instead of a 
definite load for the muscle to work with. — 


The order of manipulation in each experiment may be deena as 


follows: After fixing the muscle ribbon, fluid is led into the bath from 


one of the beakers R containing Ringer’s fluid and allowed to soak 
through the preparation for a definite period (45” or more—but 
_ throughout-the whole experiment the time allowed for each manipulation 
is kept always constant so as to obtain the result under identical 
conditions), The fluid in the bath is then drained off by unclamping the 
clamp JN until the fluid in the bath reaches the level A. Now a definite 
period being allowed to intervene between this manipulation and the 
next (so as to ensure a complete drainage of the superfluous fluid 
sticking to the muscle and also to admit any spontaneous conditions 
being recorded), a stimulus is sent into the preparation for a definite 
number of seconds, or better still; until the contraction has reached its 
maximum; and lastly, when the relaxation is very nearly complete, 
t.e. a definite number of seconds after the contraction has reached its 
maximum, the whole series of manipulations is repeated and thus a 
continuous tracing is taken. The change in the bath fluid is made by 
running in. fluid from S, and any alteration in the character of the 
- contractions is recorded on a’ very slowly moving surface, or on a 
moderately slow surface when one desires to study the various phases of 
the active process under different conditions. 

Character and effects of stimulation. I do not propose to describe 
here the results I have obtained by make or break shocks of a constant 
or induced current, beyond stating that my results seem to be in harmony 
with Sertoli’s observations, in that, while getting no response to single 
make or break shocks of a constant or induced current, a feeble but 
a definite result is obtained by the passage of a constant current for 
several seconds, whereas an interrupted current of a similar duration is 
_ followed by a much better response. 

By submitting a muscle ribbon to a regular series of the above 
described manipulations and by exciting the muscle by closure of 
@ constant current during the intervals of the bath (3 Daniell cells) one 
is able to obtain a tracing showing the influence of Ringer's fluid and 
NaCl 0°75 */, solution on the nature of the contractions: Fig. 2 shows 
this. The result however is not striking enough, and therefore I have 
made use of a faradic current of a certain strength and a certain dura- 
tion (viz. with 2 Daniell cells and the secondary coil at 6 cm.). When 
an interrupted current of such a strength is sent-into.a muscle ribbon 
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we get a single slow contraction, with a definite latent period, and 
a relaxation; and provided the maximum height of the contraction is 


Fig. 2, x} linear. Influence of NaCl 0-75°/, and Ringer’s solution on a quiescent (starving) 
‘stomach ribbon. The stimulus is the make of the constant current (with 3 Daniell 
cells) immediately after one minute’s bath of each of the fluids: R= when Ringer's 
bath was going on: S=when NaOCl bath was going on. The first four contractions 
after S are spontaneous contractions seen when the change in the bath fluid was 
made (irritation), during this period no artificial stimuli were applied beyond the 

- disturbance of introducing and draining of the bath fluids. Drum moving about 

Lom, per minute. 


reached it appears immaterial whether the time during which the 
stimulus is kept up is a little more or a little less. Indeed this last 
factor seems to make no difference to the nature of the contraction. 
Fig. 3 shows this, where in (2) the stimulus was kept up for over 


/ 8. To show the identical results of stimulation by faradic current on a plain muscle 
ribbon, (1) when the stimulus is applied only till the maximum height of the 
contraction is reached (8 secs.), (2) when the stimulus is kept up even during the 
relaxation (over 30 secs.). I and Il1=signal to mark the moment of sending in the 
stimulus (sent in automatically by a scamacsynens contrivance) used in obtaining the 
tracings 1 and 2 respectively. 


30 seconds (until the relaxation was very nearly complete). It is of 
importance, however, not to stimulate until the spontaneous contractions, 
when they do occur (and which by the way bear a very close resemblance to 
the contractions obtained by faradic current) are very nearly abolished, 
so as to tide over that moment which corresponds to the “ refractory 
period,” for the result of stimulation at this moment, or at a moment 
when the. spontaneous movements are just commencing, is either an 
inhibition to a certain extent of the spontaneous contraction or at all 
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events a diminution in the extent of the artificially induced contractions 
which would be otherwise obtained. ) 
Nature of spontaneous contractions and their behaviour to NaCl 
0°75 °/, solution and Ringer's fiid. Muscle ribbons prepared from 
different stomachs behave differently with regard to spontaneous con- 
tractions as well as in their response to faradic currents—and this 
_ difference appears to have a direct relation to the functional state of the 
organ from which the ribbon is prepared. Thus a preparation from an 
empty, #.¢, starving, stomach is characterised by the absence of (or at all 
events, by exceedingly feeble, or irregular) spontaneous movements, 
while that from an actively digesting organ shows regular and well- 
marked rhythmic contractions: this latter responds also more readily 
and more efficiently to artificial stimuli than the former, By a variety 


Fig. 4. Influence of Ringer’s fluid on the spontaneous contractions of a starved stomach. 

A (lower trace) hardly perceptible muscle contractions at the vn of the 
experiment. 

C (upper trace). Spontaneous contractions one hour after commencement of the Ringer 
bath. Signal marks 1 minute during which the preparation is in bath and 1°5 minutes 
during which it is out of bath. 


of methods, however, it is possible to induce a quiescent stomach ribbon 
to exhibit spontaneous contractions. Thus, a bath of Ringer's fluid for 
one minute at a time with about an equal interval after draining the 
bath, continued for several minutes, causes a quiescent stomach ribbon to 
give spontaneous contractions, and makes it resemble to a slight degree — 
a preparation from an actively digesting organ. Fig, 4 shows this: 
where the upper tracing (C) was taken an hour after the lower one (A). 
Another way in which spontaneous movements can be ne about 
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in a quiescent preparation is, by throwing in a constant or an interrupted | 
current for say 10” during the intervals of the bath (Fig. 5). 


“Wig. 


Fig. 


5. x. The influence of extract of stomach mucosa and faradic stimulation on the 
(starving) quiescent muscle ribbon. R=at the commencement of the experiment. 
R’=continuation of R. Time marking 1 minute (bath) and 1‘5 minutes (out of bath). 
Thick bar on the signal marks the period of stimulation (coil at 6 cm.; 2 small Daniell 7 
cells). 


A third way in which the same kind of result.is brought about is to 


subject the starved stomach ribbon to a Ringer's bath to which a small 


6. Effects of stomach mucosa extract on the spon*aneoss contractions of an active 


(digesting) stomach ribbon: lower tracing, spontaneous contractions: R R= Ringer's 


fluid bathing for 1 minute as indicated by the signal: the larger intervals mark 1-5 
minutes during which the muscle was out of the bath: upper tracing is a continuation 
of the lower. St’=Extract of stomach mucosa (like Ringer’s) was used for the bath. 
The extract was boiled and was faintly alkaline in reaction, just like the Ringer’s fluid. 
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proportion of Ringer extract of the stomach mucosa has been added. 
The effect of this mixture (Figs. 5 and 6) seems to be so marked, 
, both with regard to the spontaneous movements and artificially induced 
contractions, that I propose to deal with this subject in a future com- 
‘munication; suffice it to note here that the stomach mucous membrane 
extract appears to me to exert a sort of local specific action on the 
movements of the stomach muscle (both spontaneous as well as artificial) 
_ touch in the same way as the extract of the mucosa of the duodeno- 
jejunum has been demonstrated, by Bayliss and Starling, to have 
@ specific secreto-motor action on the pancreas. 
- Just as a quiescent (starved) stomach muscle is capable of being 
rendered active by the above-described ures, an actively con- 
_ tracting and highly irritable muscle ribbon can be rendered quiescent by 
repeated saline (NaCl 0°75°/,) baths. For this solution, after a pre- 
liminary augmentation effect (to be described immediately), abolishes 
the spontaneous contractions and reduces the preparation to the 
condition of a passive machine, Fig. 7 and Fig. 8. It is during this 


Fig. 7. x%. Influence of NaCl 0°75 °/, solution on the spontaneous contraction of an 
active digesting stomach muscle ribbon: R=Ringer’s solution bathing for one 
minute as marked by signal: S=Saline 0-75 °/, solution bathing the preparation : 
the larger gaps taark 1°5 minutes during which the ribbon was out of the bath. 


Fig. 8. x4. Continuation of Fig. 7: to show the influence of Ringer's solution on the 
spontaneous contractions abolished by saline (in Fig. 7): Upper trace is continued 
from the lower. 


period of quiescence one can best observe the effects of various salts 

Otherwise the spontaneous contractions interfere with the results. 

A farther effect of salt is to completely abolish its irritability—this will 
__ be referred to now. | 
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_ Behaviour of the stomach muscle ribbon towards the faradic current, 
while under the influence of NaCl 0°75°/, solution and Ringer's fluid. 
It was noted in the last paragraph that a stomach ribbon showing , 
active spontaneous movements while under the influence of Ringer's 
bath, shows a marked effect when a change is made from this fluid to 
a saline (NaCl 0°75°/,) solution. This, I may repeat, is in a short 
preliminary augmentation in the contractions, followed by a gradual 
diminution, terminating in an abolition of the contractions. Further, 
it may be stated that the augmentation effect is always best marked as 


RINGERS sou" 


Fig. 9. x4. A continuous tracing to show the influence of baths with NaCl 0°75 °/, 
solution and Ringer’s fluid on an actively digesting stomach ribbon, recorded on 
a slow drum moving at the rate of 1°25 cm. per 2 minutes, as marked by the large 
_ intervals of the stimulation signal. The small intervals also mark 2 minutes, but 
these are arbitrary, as the drum was‘stopped in the intervals of the bath and drained, 
and only started a few seconds before the stimulus was sent in with a view to record 
_ the whole result within the limits of the drum. The order of manipulation was as 
follows : 45 secs. for bath, 15 secs. for introducing and draining the bath, and 60 secs. 
interval after bath, immediately before sending in the stimulus which was, faradic 
current for 10 secs, with two Daniell cells, secondary coil at 6 cm. R=when the 
_ Ringer’s fluid was bathing the preparation. S=when 0°75 %, NaCl solution was 
bathing the preparation. X when the Ringer’s fluid was substituted for saline. 
A=when the change in-the bath fluid was made from Ringer’s solution to saline. 
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soon as the saline solution comes into contact with the muscle prepara- 
tion, the contractions becoming feebler and feebler after the bath fluid 
is drained; thus it would appear that this preliminary augmentation 
effect is caused by a sort of irritation of the muscle, described as the 
“salt action” by Dixon’. The same preliminary effect of NaCl 0°75 °/, 
is observed in the quiescent stomach preparation, but this is not so 
pronounced. 

Now when a regular series of manipulations of bath and draining 
are being followed, if an interrupted current (with 2 Daniells and coil 
at 6 cm.) be sent into the muscle preparation, one can observe the 
effects of such a stimulation under the influence of salt bath and 
Ringer bath: Fig. 9 is a continuous tracing to show this effect. From 
this it will be observed—that the faradic stimulation after a saline bath 
impresses on the contraction the same characters as the saline solution — 
did on the spontaneous contractions above referred to. Thus there is 
the same preliminary augmentation phase, followed by a gradual 
diminution of the contraction and the same abolition of the contraction 
after a prolonged series of the salt baths; the whole effect being best 
marked after the abolition of spontaneous contractions, as seen in the 
middle part of the tracing where the contractions are crowded together. 

The irritability of the muscle being thus practically abolished, if we 
now substitute Ringer’s fluid for the saline solution and continue the 
stimulation in the same regular way, the result is a gradual return of 
irritability of the muscle, each contraction follows the other with 
increased strength, and as we go on repeating the baths a time arrives, 
when not only are the artificially induced contractions nearly restored 
to the original height, but the spontaneous contractions which had been 
previously abolished by NaCl 0°75 */, are also made to reappear (Fig. 9). 
Now on again making the change at A in the bath fluid to NaCl 
0°75 °/,, the whole saline effect is again reproduced. The same result 
is obtained by using a constant current for 10 to 12 secs., but the effect 
is not nearly so striking as with the faradic stimulation—vde Fig. 2. 

_- From the foregoing it is evident that the behaviour of NaCl and 
Ringer's solution on the plain muscle from the stomach of Rana 
tigrina is the same as on the heart muscle of R. temporaria or 
the skeletal muscle of Rana hexadactyla or Rana tigrina; the only 
difference being the preliminary augmentation phase in the contractions 
seen in the muscle and the time the saline 
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solution to produce the full effect. It is possible, however, this last 
factor of time may be accounted for by the slow action of the salts 
penetrating the stomach ribbon when it is subjected to the process of 
diffusion in the bath, instead of circulation through vessels as with 
‘skeletal muscle or perfusion through its spongy interior in the case of 
the heart muscle. = 
? Characters of the latent period, contraction, and relaxation of plain 
muscle, while under the influence of Ringer's fluid and NaCl 0:75 °/,. 


Fig. 10. x%. Contractions to show the influence of Ringer’s bath and saline bath using 
_ @ more rapid rate of movement of surface. R=a minute after Ringer's bath, S=a 
minute after saline bath—recorded after 10 manipulations (bath, draining and 
stimulation): the intermediate 9 contractions not being recorded. Stimulus was 
10 secs, by faradic current (2 Daniells, coil a! 6 om.)—sent into the preparation at the 

- game moment by an automatic mechanical contrivance. 


By slightly increasing the speed of the recording surface, and by 
contriving to send in the stimulus at the same moment, that is, when 
the writing needle of the muscle lever arrives at the same point of the 
recording surface I have been able to record the contractions of the 
plain muscle ribbon when under the action (1) of the saline solution and 
(2) of Ringer’s fluid. Figs, 10, 11,12 represent the result. From these 
it will be seen that in addition to the effects of these fluids in 
modifying the strength of the contractions (as described above) the 
tracings bring out clearly an alteration in the latent period of plain 
muscle, which increases up to 6—8 secs, under the influence of NaCl 
solution while it varied only from 1—1°5 seconds under that of 
Ringer’s fluid. And the same alteration is noticed whether the 
observations are taken from Ringer to saline or vice versd (vide Figs. 
10,11). The latent period is maintained even during the preliminary 
augmentation effect of the saline (vide Fig. 11). From the above it is 
seen that these alterations in the latent period of plain muscle under 
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SECONOS 


Fig. ll. x4. Same as Fig. 10 but the rate of surface movement is slower and the order 
_of the baths was reversed, viz., tracings were recorded when the change was made 
after the abolition by saline solution to Ringer’s fluid: and then again to saline 
solution. The lowermost three tracings were taken after the interval of one minute 
each. 4 was the 6th contraction, 5 and 6 were the 10th and 12th contractions (the 
intermediate contractions were not recorded); 7 is the first contraction after saline 
was substituted and succeeded 6. This is the Rage saline augmentation 
effect ; the slightly increased latent ioe and wo spontaneous contractions 
following the contraction are noticeable. 


SECONDS 
Fig. 12. x}. Myogram of pain masole ribbon (stomach) from an actively 


| I. Contraction taken one minute after Ringer’s fluid was circulating—in the intervals of 
the spontaneous contractions, 

bath in augmenting the spontaneous a0 well as induced contractions was 


Il. Further effect of saline bath : 6th contraction after the saline bath was given, 
i.e. after all the spontaneous contractions were abolished; the intermediate con 
tractions were not recorded. 
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the action of saline NaCl 0°75 °/, and Ringer’s fluid are in harmony with 


similar effects of the same on skeletal muscle. 


It may be noticed that the above-described muscle curves (both 
spontaneous as well as artificial) bear a close resemblance to the 


- myograms of the single twitch of skeletal muscle on a quickly re- 


volving surface. The latent period, the,shortening and relaxation are 
in both cases alike—the only difference being the speed of the active 
processes and the methods of stimulation in the two cases. It appears 
that for the plain muscle contraction, induction shocks, by themselves 
(singly) ineffective, become an adequate stimulus when they follow each 
other in rapid succession and thus act by summation; the sluggishness 
of the active processes in the plain muscle elements seem to be 
admirably adapted for the production of the contraction only by the 
proper summation of inadequate stimuli. This is in conformity with 
Engelmann’s observations on the bulb of the aorta’ and on plain 
muscle in general’, with Richet’s* experiments on the slow contracting 
skeletal claw muscle of the crayfish and also with the effect of inadequate 
stimuli on the heart muscle described by Burdon Sanderson‘. 

_ The action of CaCl, is seen in Fig. 13, from which it is evident 
that when this salt acts on plain muscle, it shortens the latent period, 


SECONDS SECONDS 


Fig. 18. x4. Myograms of plain muscle when under the influence of toxic doses of 
CaCl,. Note the change of character during contraction and relaxation, and the 
shortened latent period. 0=When the irritability of the muscle ribbon to faradic 
current was abolished under a prolonged NaCl (0°75°)/, bath) ; 1, 2, 8=2nd, 4th, and 
6th contractions after exhibiting 2, 4 and 6.c.c. of 5 /, solution of CaCl, to 100 of 

_ saline: 4= 8th contraction under the same conditions. The stimulus in this experiment 
was sent in at the same moment by a mechanical contrivance. 


Areh, 4. gos. Physiol. xxxx. p. 458, 

2 Ibid. m1. p. 280. 

Physiol. des Muscles et des Nerfs. ‘Paris, 1982. | 
Text-Book of Physiol. Edited by Schafer, u. p. 380. 
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and after first i increasing the height of the contraction it diminishes the 
same. Further it impresses a certain character on the relaxation. 
The fall of the curve, it will be noticed, is much more rapid at first and 
is less rapid later, instead of being almost wuiformly slow, as with sores! 
doses of CaCl.,. 

_ Action of KCl and CaCl, I ie not been able to observe any 
effect of normal doses of KCl, even to the same slight extent as is 


‘ 


Fig. 14. x4. Effects of OaCl, in toxic doses—and also the antagonising effects of toxic 
doses of KCl on a plain muscle ribbon poisoned by CaCl, recorded on a very slowly 
moving drum. First part of the tracing shows the (NaCl 0°75 */,) saline effect. Then 
CaCl, effect (at first augmentation and then diminution): Ca 1-5; 3; 4-5; 6 means 
CaCl, solution was added to 100 of saline solution in gradually increasing doses of 
15 c.c., ete. until the toxic effects began to manifest themselves. 

The third part of the tracing shows the effect of KCl in toxic doses, on a muscle 
poisoned by CaCl,, K 2; K 4, K 6,=KCl 5°, solution added regularly in 2¢.c., to 
the 100¢c.c. of the bath (toxic CaCl,) which was responsible for the 2nd part of the 
tracing. 


Fig. 15. x4. Action of CaCl, and KCI in toxic doses on a plain muscle ribbon. Surface 
moving a little quicker than in Fig. 12; early (augmentation) effect of 1, 2=CaCl, : 
the 1st and 4th contraction being recorded after adding 2 .c. and 4¢.c. of 5°), solution 
to the 100 of saline (NaCl 0°75 °),), (8) effect of CaCl,, being the record of the 8th 
contraction after the completion of the action of CaCl,. 
. (4) the record of the 12th contraction, i.e. 4th contraction after 40,c. of KCl 5%, 
solution was added gradually (after the record of (3)) to 1000.c. of the CaCl, solution 
which was responsible for 1, 2, and 3. Antagonism by toxic KCl—of the toxic effect 
of CaCl, (slight zigzag in the curves is due to accidental vibration of the table). 
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observed in skeletal muscle’. But that this salt plays some subtle — 
part in the nutrition of plain muscle is evident from the effect of KCl 
in toxic doses, after the plain muscle has been operated upon by | 
poisonous doses of lime salts. Thus (Figs. 14 and 15) it will be | 
noticed that on exhibiting a toxic dose of KCl (6 c.c. of 5°/, solution per 
100) to a muscle poisoned by a large amount of CaCl, (6 cc of 5°/, 
solution per 100) a short period is noticed when a marked antagonism 
in the action of these salts comes into view. 


SUMMARY AND CONCLUSIONS. 


_ (1) By the method described above it is possible to record, (a) the 
movements of a plain muscle both with regard to the contractions 
going on spontaneously and those induced by artificial stimulation— 
(b) their alterations while under the influence of salts, as in the case of 
an isolated heart or a skeletal muscle of the frog. : 

(2) By repeated baths with Ringer’s circulating fluid it is possible, 
(a) te improve the hardly perceptible contractions of a muscle ribbon 
derived from,a starving (quiescent) stomach : (6) to keep up, for several 
hours, the spontaneous contraction of a stomach ribbon prepared from a 
digesting organ: (c) to maintain the irritability of the tissue for several 


hours. Therefore the influence of Ringer's fluid on the plain muscle of © 


Rana tigrina is the same as that on the isolated heart of Rana 
temporaria, or on the skeletal muscle of Rana hexadactyla. 3 
(3) The presence or absence of KCl in Ringer's fluid does not 


- seem to appreciably alter the above results and therefore it is the CaCl, 


which appears to be chiefly concerned in the process. With regard to 

the action of KCl, the order in which the three kinds of muscles stand 

is, (1) heart muscle, (2) skeletal muscle, and (3) plain muscle. . 
(4) The effect of NaCl 0°75°/, solution on the spontaneous 


movements of the plain muscle of Rana tigrina is their gradual 


diminution and final abolition: therefore this plain muscle behaves 
under NaCl 0°75°/, solution similarly to heart muscle of Rana temporaria’. 

(5) The same is the ultimate effect of a faradic current on the 
contractions of the plain muscle (of Rana tigrina) rendered quiescent by 
normal saline. That is, under this method of stimulation the action of _ 
NaCl 0°75 °/, solution is at first to diminish and ultimately abolish the 
contractions of the plain muscle, just as in the case of the same salt 


_ 1 Row. This Journal, xxrx. p. 444. 
Ringer. This Journal, m1, rv, v, vu, 
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acting on the skeletal muscle of Rana hexadactyla or heart ‘muscle of 
Rana temporaria (rendered quiescent by normal saline) —- by 
single induction shocks. 

(6) There is always a short preliminary augmentation pr in the 
action of NaCl 0°75°/, solution on plain muscle with regard to both 
spontaneous and artificially induced contractions. In this respect the 
action of normal saline on plain muscle is different from that on heart 
muscle or skeletal muscle, where no such augmentation is seen. 

(7) NaCl 0°75 °/, solution while decreasing the contraction of plain 
muscle increases its latent period, whereas CaCl, or Ringer's fluid 
decreases the latent period while increasing the height of the con- 
tractions: a result similar to that obtained in the skeletal muscle of-the 
frog. 

(8) . Toxic doses of CaCl, act on plain muscle exactly as on 
skeletal muscle, «.¢. after a preliminary augmentation (tonic effect of 
CaCl,) the contractions are generally abolished-—(tonic effect). | 

(9) The action of KCl is seen when we operate with toxic doses of | 
this salt on a muscle poisoned by large doses of CaCl,, the effect. being 
an antagonism of these two salts, resulting in the return for a short 
time of contractions which had been abolished by CaCl,. This antagon- 
ising effect is similar to that obtained in the heart muscle of Rana 
temporaria and skeletal muscle of Rana hexadactyla (1). | 

(10) The behaviour of plain muscle of Rana tigrina towards the 
constituents of Ringer's fluid is essentially the same as that of heart 
muscle of Rana temporaria or skeletal muscle of Rana ee 
or Rana tigrina. 
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CONTRIBUTIONS TO THE PHYSIOLOGY OF THE 
LUNGS. PART II. On the Innervation of the Pulmonary 
Blood Vessels; and some Observations on the Action of 
Suprarenal Extract. By T. G. BRODIE, M.D., Professor- 
Superintendent of the Brown Institution, anD W. E. DIXON, M.D., 

’ Assistant to the Downing Professor of Medicine, Cambridge. sl 


Figures in the Text.) 


(From the Research Laboratories ofthe Royal Colleges of Phyicians 
. and Surgeons, London.) 


_ In the course of our experiments upon the lungs we have spent much | 
time in studying the question of the innervation of the pulmonary 


vessels, and as the final result of this work have devised a method which 
we bring forward as a general test. for the existence of a nerve supply 
to any set of blood vessels. 

The investigation arose from the results we obtained when repeating 
those experiments of Bradford and Dean and of Francois Franck from 
which they concluded that the pulmonary blood vessels were supplied 
with vaso-constrictor fibres. Although we were able to confirm most of 
the experimental results they had recorded, we were unable to agree with 
them in concluding that the effects they observed could only be explained 
on the supposition that the pulmonary vessels were supplied with con- 
strictor fibres and were therefore under nervous control. We obtained 
evidence that in all the methods they adopted cardiac effects had not 
been entirely eliminated, and that while in most cases cardiac accele- 
ration had been excluded, cardiac augmentation was still present’. 
In order to solve the problem it therefore became necessary to devise 


- some method which would entirely exclude all possibility of a cardiac 


change. We first studied the rate of flow of blood through these vessels 
during, an artificial perfusion with blood at constant pressure, in the 
hope that the nerves, if present, would remain excitable for some time 
after death. We showed that by taking a set of vessels known to possess 


: We propose to deal fully with these experiments in a future communication. 
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vaso-constrictor nerves excitation of those nerves, during an artificial 
perfusion, still led to constriction. When, however, similar experiments 
were extended to the lung vessels absolutely negative results were 
obtained, thus indicating the absence of vaso-constrictor nerves. Fur- 
ther evidence of a more positive nature was gained by studying the 
action of suprarenal extract and other drugs upon the pulmonary vessels, 
and when we found that adrenalin produced no constriction we obtained 
the basis of the method we propose as a general test for the presence of 
constrictor nerves to any set of vessels. The method essentially depends 
on proving that adrenalin, in its typical action on peripheral vessels, 
produces its effect by exciting the nerve endings—not by exciting the 
muscle fibres. The chief experiments detailed in this paper therefore 
adduce evidence to prove this point in the physiology of the action of 
adrenalin’. 

Method. The perfusion of the different isolated organs was effected 
by slight alterations in the apparatus already described and figured by 
one of us*. Such modifications as were required are indicated in Fig. 1. 
The pressure of perfusion was maintained by connecting the main blood 
receiver to a large can of compressed air. The,air was delivered from’ 
this can through a tube ending in a pin-hole orifice, so that a slow stream 
was forced into the main blood receiver, the excess above that required for 
maintaining the pressure at a constant height escaping through the 
mercury valve. The pressure used for perfusion varied for different 
organs, from 25 to 150 mm. Hg, and was registered by a manometer 
connected with the blood receiver. 

The rate of outflow of blood from the vein was recorded in the 
following way :—A small glass receiver, provided with a single outflow 
tube from the bottom, was closed above by a rubber cork pierced by two 
holes; through one of these passed a tube opening about a quarter of. 
the way down the receiver and connected above to the vein. The orifice 
for the exit of the venous blood was thus kept at a constant level and 
was adjusted to lie about 2 cms, below the level of the vein. The 
bottom outlet from the receiver was connected to the pump of the 
perfusion apparatus, and the blood was thus withdrawn and returned to 
the main blood receiver. Through the second hole in the cork passed a 


1 In our first experiments the solution of suprarenal extract employed was one 
prepared from the tabloids of Burroughs and Welcome. In the later experiments the 
1 in 1000 solution of adrenalin of Parke Davis and Co, was used. The results were of 
mach mate character thes latter preparation was taken. 

Brodie. This Journal, xxix. p, 266. 1903. 
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glass tube opening just below the cork, so that the air space in the 
receiver could, at any time, be connected to a bellows-recorder, and in 
| that way the volume of blood flowing in or withdrawn could be 
i continuously recorded. The general arrangement of the apparatus is 
| figured in the accompanying sketch (Fig. 1). : 


= JO SUPPLY 
OF COMPRESSED 


| Fig. 1. 


| _ The pump used in these experiments is represented diagrammatically 
in Fig. 2. It consists of a crank driven by a coned-pulley. This gives 

a vertical movement to a metal rod, which movement is in turn 

communicated to the piston of a hypodermic syringe. The extent of 

. : the vertical movement can be roughly adjusted by varying the point of 
attachment of the rod to the crank by the clamping screw B. On the 

vertical rod is interposed the mechanism A. This consists of a cylinder 

through the upper orifice of which the vertical rod passes. The end of 

the rod is provided with a collar which fits loosely inside the cylinder, 

and the upper orifice permits the rod to pass freely, but when the collar 

| reaches the top of the cylinder the latter is moved upwards with it. 

| The lower end of the cylinder is provided with a screw of fine pitch, the 
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outer end of which is attached to the syringe, while the end within the 
eylinder faces the lower end of the rod. 
Thus, in the position figured in the 
diagram, the downward thrust of the rod 
will not be communicated to the piston 
until the end (d) of the rod reaches the 
upper end (¢) of the screw. Similarly, 
on the up-stroke, the piston is not moved 
until the collar (d) reaches the top of the 
cylinder. Hence by screwing the cylinder 
downwards more movement will be com- 
municated to the piston and conversely, 
so that this mechanism serves as a fine 
adjustment for regulating the thrust of 
the piston, «.¢, the volume of liquid ex- 
tracted per revolution’. In an experiment, 
the pump is first adjusted roughly by the 
screw B until the quantity withdrawn is 
nearly equal to that entering the small 
receiver, and then by the fine adjustment 
until thetwo volumes are exactly equalised. 
The graphic record thus obtained is seen 
in the first part of Fig. 4, in which the 
- mean level of the tracing remains hori- 
zontal, If now the volume of blood dis- 
charged by the vein increases, the inflow 
is in excess of the withdrawal, so that 
the record rises, and conversely. The 
method is extremely sensitive and shows 


| quite minute changes in the rate of flow Fig. 2. 

of the blood. 

‘ In constructing the apparatus, we have pictiedesle aimed at 
devising one of such dimensions that the blood derived from the animal — 
| itself may suffice for the perfusion. Thus, the tubing conveying the 
s | blood to and from the organ is kept as short as possible and is of small 
diameter. The capacity of the valves is also reduced to a minimum. 

, | By carefully attending to such points as these we have found that the 

j 3 blood collected from a cat is amply sufficient for perfusion of the limbs, 
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intestines, lungs, or even for the liver. A disadvantage of the method is 

that a drug once introduced continues to circulate through the organ, 

though, of course, it is much more diluted after its first passage through 

the vessels. We have been surprised to find how very little, in most 

instances, the previous injection of one drug interferes with the typical 

course of reaction of a second drug subsequently injected. We have 

been careful, in all cases, to control the action of a drug by studying it 
in an experiment in which it was injected first. 

It is convenient to interpose a 3-way tap between the pump and the 
valves, so that by a simple movement the pump may be connected either 
to the receivers or to a graduated tube, By turning the pump on to 
the graduated tube the volume of fluid ‘extracted per thrust can be 
measured, or, in an instant, the withdrawal of blood can be stopped 
without stopping the pump. This is often a great convenience. In 


- many instances the rate of flow is very greatly altered by the injection 


of a drug. Thus, the flow may become so rapid that the pump is quite — 
unable to cope with it. In such cases in our earlier experiments, we 
either stopped the flow to the artery for a time, or diminished the 
pressure of perfusion, or increased the thrust of the pump. These 
procedures all spoilt the course of the record because we could no longer 
follow with accuracy any change in rate as compared to that before 
injection. The final plan we adopted was to connect a syringe by means 
of a T-piece inserted in the tubing leading to the pump, so that by it any 
volume of blood might be withdrawn from the small receiver and 
returned to the main receiver. Thus in Fig. 7 the long verticals — 
indicate the times at which successive amounts of 6c.c. of blood were 
thus withdrawn. This procedure also serves as a measure of the increase 
of flow through the organ. By a similar arrangement, known volumes 


of blood were withdrawn from the main receiver and injected into the 


small one when a marked constriction had been produced (see Fig. 6). 
The organs we have perfused for these experiments are the hind- 
limbs, kidney, intestines, and lungs. In the case of the limbs the cat was 
the animal usually employed, either one or both limbs being perfused. 
In the former case the cannule were placed high up in the femoral 
vessels, and in the latter as low down as possible in the abdominal aorta 
and inferior vena cava respectively. : 
The course of our experiment consisted in first anwsthetising the 
animal with ether and then cutting across the carotids and collecting 
every available drop of blood. In some experiments the animals were 
killed by pithing and the blood rapidly collected. This avoidance of all 
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angsthetic in no case made the least difference in the results. The 
blood was kept warm, defibrinated, filtered through glass-wool and used 
directly for the perfusion. In a few instances, when a considerable 
amount of fluid was required, the blood was diluted with an equal 
volume of warm Ringer’s solution, but as a rule this dilution was avoided. 


It is quite inadmissible when the lungs are to be perfused, for with 


diluted blood a great amount of cedema is speedily produced. Citrated 
blood was used in a few instances, but so far as the limbs are concerned 
it possesses no advantage over defibrinated blood, and has the disadvan- 
tage that if the perfusion is prolonged (1 te 2 hours) it tends to clot. 
In our first experiments great care was taken to keep the blood and 
organ at body temperature. Later, we found that when studying the 
action of a drug upon the blood vessels the reactions were precisely the 
same even though the temperature was allowed to fall several degrees. 
The introduction of drugs in solution to the blood flowing to the 
perfused organ requires considerable care. In the earlier experiments 
we were content to inject the drug, dissolved in saline solution, by means 
of a fine hypodermic needle piercing the tubinig leading directly to the 
artery. Here two sources of error are introduced. In the first place, 
unless great care is observed the injection leads to a transient rise of 
pressure in the artery and therefore the outflow temporarily increases ; 
in the second place, the admixture with a saline solution diminishes the 
viscosity of the blood and for this reason the velocity of the flow is again 
temporarily increased. The latter error is the more important one since 
in most of the experiments the former was eliminated by the use of 
a system of tubes indicated in Fig. 3, in which the clear part represents 
glass-tubing and the shaded rubber. The fluid from the main receiver 
reaches a glass Y-piece and can then traverse either limb C or limb D, 
the resistance of either path being the same. The two tubes are again 


Fig. 3. 


united by a second Y-piece at B. The whole apparatus is filled with 
the perfusing fluid, but at one side—e.g. at 2 and y—clips are placed on 
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the rubber tubing. When a drug is to be injected, the cork is removed 
from the lateral tube of the bulb D, the drug to be tested is carefully 
introduced and the cork replaced. The clamp on 2 is now removed and 
at the required instant that on y is also taken off and a second later is 
placed on z. In this way no alteration in pressure is set up, and as soon 
as one drug has been introduced the second bulb is ready for a further 
injection. In later experiments we avoided producing a rise of pressure 


by injecting the drug at some point between the main receiver and a— 


small glass-wool filter always interposed between the receiver and the 
artery. This filter consists.of a short piece of glass tubing, of larger 
diameter than the rest, which is loosely plugged with glass-wool and is 
of the greatest importance in that it holds back any particles which may 
have gained admittance to the main receiver. 

While we thus avoided all changes of pressure, our tracings show 
that the second factor still remains, and to obviate it, it was necessary to 
dissolve the drug to be injected in the same solution as was being used 
for the perfusion. Though we found that the admixture of a small 
amount of saline solution to the blood caused an acceleration in the flow 
we always employed this method in our later experiments because of its 


_ greater convenience. This was done because we found that the effect of 


the dilution was quite transitory and was usually over before the action 


effected by the drug commenced. The small increase in rate of flow 


seen in many of our tracings directly after the injection is due to this 
cause and must be allowed for (see Fig. 7, p. 488). 
To control the results obtained on limbs, some experiments were 


. performed on the intestines. The general method was the same as 


before, the cat. and dog being again the animals employed. The 
unsatisfactory part of an intestinal perfusion when studying alterations 


in the rate of flow, is the frequent occurrence of muscular movement 


which follows the administration of many drugs. It is quite impossible 
to eliminate this entirely; thus, on perfusing with barium-chloride, 
violent contractions are produced, whereas with suprarenal extract the 
normal movements are, for a time, completely inhibited ; either change 
produces a slight effect upon the rate of fiow of blood. 

A large number of perfusions were carried out on the lungs of cats, 
dogs, and rabbits. The effects of the various drugs investigated were 
invariably the same in all three animals. The animals were anwsthetised 


and the blood collected. The thorax was then opened and a cannula 


tied in the pulmonary artery. A strong ligature was now passed round 
the heart and tied round the ventricles. A second ligature was next 
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tied round the root of one lung, thus limiting the perfusion to the 
opposite lung. A wide-necked cannula was then tied in the left 
auricular appendix, and perfusion commenced, the lungs remaining 
in situ. If the experiment was to be continued for a considerable 
time, the lungs were sometimes removed and enclosed in a warm 
chamber, but in short experiments no advantage was gained by 
thus removing them. In about half the perfusions, a cannula was 
placed in the trachea and the lungs rhythmically inflated by warm air 
_ to about their normal extent. In the greater number of experiments, 
artificial respiration was omitted, and it may be stated at once that no 
essential difference was in any case obtained as a result of the artificial 
ventilation, all the drugs which we have tested producing the same — 


effects, whatever the condition of the lungs in this respect may ‘have 
been. 


VERIFICATION OF THE METHOD UPON ORGANS KNOWN TO BE 
SUPPLIED BY CONSTRICTOR NERVES. 


- The organs we chiefly used for this purpose were the limbs or small 
intestines. In both instances, excitation of the vaso-motor nerves 
during the course of a perfusion, causes considerable constriction of the 
vessels, We found it to be much easier to obtain a good reaction from 
organs taken from dogs than from those taken from cats. Moreover, 
the effect was much more readily. obtained on the intestine than on the 
limbs. Thus, Fig. 4 gives the result of a short excitation of the nerves 
running with the intestinal vessels. After a short latency the tracing 
falls rapidly, showing that the outflow from the vein has considerably 
diminished. This persists some time (30 secs.) after the excitation has 
ceased, but gradually recovers and the tracing once more becomes hori- 
zontal (100 secs.), showing that the outflow is again the same as before 
excitation. The change in the rate of flow from the vein, as well as 
being indicated by the general fall of the tracing, can also be estimated 
by the rate of rise of the lever in each upward stroke :—the downward 
stroke of course indicating the withdrawal of blood by the pump. This 
reaction may be repeated many times, indeed we found that the nerves 
remained excitable, in many experiments, for from one to two hours 
after the removal of the intestines from the body, and as similar results 
can be obtained with limb or kidney vessels, we conclude that’ the 
method is a suitable one for the purpose in view. © 
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The next effect to which we must refer is that, produced by injecting 


small doses of adrenalin into the circulating blood. Schafer and 


Fig. 44. x4 linear. Cat. Perfusion of intestines. Excitation’ of the nerves accom- 
panying the superior mesenteric artery. Coil at 5 cms. Single Leclanché cell. Time 
record gives seconds. Pressure of perfusion 90 mm. Hg. At the point marked ‘a’ 
written at a 


higher level. 


Oliver’, in their paper inn the action of suprarenal extract, showed 


that perfusion of the extract through the vessels of pithed frogs greatly 


diminished the flow or even cut it off altogether. They also gave 


abundant evidence proving that, in the mammal, the extract caused 
constriction of arterioles, and that the main action of the drug was 


a direct one upon the vessels peripherally. Biedl* showed that, in the 


perfusion of surviving organs, suprarenal extract produced contraction 
of arterioles, and the same has been shown for the kidney vessels by 
Gottlieb‘. These results we have abundantly confirmed, and in 
Fig. 5.A we give the effect of the injection of a very minute quantity 
of adrenalin, the organ being the intestine. On examining the tracing, 


it is seen that the first effect is produced after a latency of eleven — 


seconds, and then very marked constriction develops. Part of this 


1 All tracings are to be read from left to right. An upward movement of the lever 
indicates increased volume of blood in the small receiver. : 

2 Schifer and Oliver. This Journal, xvitt. p. 230. 1895, 

3’ Biedl. Preliminary communication Erkrankungen d. Nebennieren. 
Wien, 1897, p. 26. 

4 Gottlieb. Schmiedeberg’s Archiv, x1. p. 286. 1899. 
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latency is due to the time occupied by the drug in reaching the vessels. — 
After a reaction such as this the vessels do not relax for a considerable 


Fig. 5. x4. Oat. Perfusion of small intestines. Pressure of perfusion 100 mg. Hg. 
A. Result of injecting 0°5 c.c. adrenalin solution 1 in 20,000. 
B. Effect of a similar injection of the same adrenalin solution after the administration 


of 50 mgrms. of apocodeine. 
The difference in the heights of the two tracings is due to the substitution of a less 
sensitive recorder before the second record was written. 


time, but ultimately they completely return to their original condition. 
A fresh injection then produces an identical result and small doses can be 
injected many times in succession, each injection producing the same — 
marked constriction. 

In addition to adrenalin, pilocarpine, muscarine, barium-chloride, and 
veratrine all produce constriction of intestinal or limb vessels in 
perfusion experiments. We desire especially to draw attention to the 
effect produced by pilocarpine or muscarine, since these drugs are 
generally considered to act by stimulating nerve endings. Their action 
is practically identical with that of adrenalin, so that it is not necessary 
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to reproduce tracings, The only important difference is - much 
larger doses are required. — 

The reaction obtained by injecting a soluble barium salt is different 
from those hitherto described. Unless large doses are injected there is — 
a prolonged latent period, and the development of the constriction is 
very slow, but once produced it is of a most persistent character. In_ 
Fig. 6 is reproduced the result which followed the injection of a large 


Fig. 6. Cat. Perfusion of the hind limbs. Result of injecting 2¢.c. of a 2'4°/, solution 
. of barium-chloride. Pressure of perfusion 90 mm.Hg. The ten verticals indicate the 
times at which successive amounts of 6 c.c. <a 

The total duration of the tracing was 5 mins. 40 secs. — 


dose of barium-chloride. The first effect was a dilatation of the vessels, 

which is greater in amount than can be accounted for by the injection 

of the saline solution. Then follows a rapid constriction, which is seen 

to be very persistent. This tracing is introduced for comparison with 

a similar one obtained from the lung (Fig. 10). As the dose is a large 

one the typical slow onset of a barium constriction is not seen. 

Exactly similar results follow the injection of a dose of veratrine. — 
Though there are several drugs which cause constriction when 

| administered during a perfusion, adrenalin is by far the most active. 

| One 10,000,000th of a gram of adrenalin will produce a constriction of 

| as great intensity as that caused by one 100th of a gram of barium- 

_ chloride, and unless minute doses are injected the vessels constrict so 


| powerfully that the flow entirely ceases. 
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EXTENSION OF THE EXPERIMENTS TO THE PULMONARY VESSELS. 


Having thus shown that in perfusion we possess a very sensitive and 
direct method of studying the changes in calibre of blood vessels, and 
having found that the vaso-constrictor fibres retain their excitability 
under these conditions for a considerable time after death, we next 
extended our observations to the pulmonary vessels. Here we obtained 
results differing most markedly from any of those yielded by any of the 
organs on the systemic circulation. 

Excitation of any of those nerves which Bradford and Dean, or 
Francois Franck have described as containing vaso-constrictor fibres 
for the lung vessels, invariably gave us negative results. We never 
obtained the least effect upon the outflow of blood on exciting either the 
spinal cord, the white rami communicantes from the upper thoracic 
spinal nerves, the sympathetic chain between the successive ganglia, the 
ganglion stellatum, the loops of the annulus of Vienssens, or the inferior 
cervical ganglion, Stimulation of the fibres in the root of the lung was 
equally ineffective. The results were invariably the same in the dog, 
cat, or rabbit. The only effect ever observed was a slight variation in 
level in the tracing, which quickly readjusted itself. This only occurred . 
in a few of the experiments, and was frequently absent on repeating the 
stimulation, and we satisfied ourselves that it was due to disturbance of 
the lung owing to the necessary manipulations, or to an escape of current 
producing some contraction of the thoracic muscles. From these results. 
we must conclude, either that there is no vaso-constrictor supply to the 


_ pulmonary arterioles in these nerves, or that the nerves are present but... J 


become inexcitable very soon after the death of the animal. The latter 
possibility does not seem to be very probable in view of the fact that 
vaso-constrictor nerves in other positions have been frequently found by 
us to remain excitable for more than two hours after death, but we have 
further controlled the result by diminishing the time which elapsed 
between the death of the animal and the stimulation of the nerve to the 
_ shortest possible limit. This we effected by preparing the nerves and 
vessels before bleeding the animal. Sufficient blood for the perfusion 
. was then withdrawn, defibrinated and placed in the perfusion-apparatus. 
The animal was next bled and the cannule rapidly inserted.. In this 
way only two minutes were lost between the bleeding of the animal and 
the excitation of the prepared nerve. The result was just the same as 
before. We therefore conclude that the first explanation given is the 
correct one, and that no constrictor fibres for the lung vessels are con- 
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tained in the upper thoracic sympathetic system. Stimulation of the 
vagus is equally without effect, nor on the other hand have we been 


able to discover vaso-dilator fibres for the lungs in any of the nerves — 


investigated. 


Fig. 7. Cat. Perfusion of right lung. Result of an injection of 1 ¢.c. of a saline 
solution of adrenalin (1 in 20,000). Pressure of perfusion, 30 mm.Hg. Four 
successive amounts of 6 c.c, each were withdrawn during the dilatation. At the end 
the thrust of the pump was increased. The total duration of the tracing was 5 mins. 

4 secs. 


The results obtained by the action of drugs upon perfused pulmonary 
vessels gave us valuable confirmatory evidence of this conclusion. This 
is especially the case with adrenalin, the drug which in our perfusion 
experiments upon other organs proved extraordinarily powerful in 
effecting constriction. When a dose of adrenalin is injected into the 
blood perfusing the lung vessels either no change occurs or dilatation is 
produced as in the result reproduced in Fig. 7, The tracing shows that 
not only was no constriction produced but on the other hand an actually 
opposite result was obtained,—an increase in the rate of flow, and this 
too with a dose of the extract twice as great as that which was shown to 
produce an enormous constriction of the intestinal vessels. A repetition 
of the injection is followed, as a rule, by less dilatation than that first 
recorded, and this is also the case even though a much greater dose of 
the extract be given. We have often injected a dose 20 times greater 
than one which is sufficient to stop the flow through the intestinal 
vessels almost completely, without any alteration in the result. Although 
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distinct dilatation is the common result which follows an injection of 
adrenalin into the pulmonary vessels, we have on many occasions 
observed it to produce but little if any effect. Fig. 8 shows one of these 
tracings, where only a slight amount of dilatation is produced. The 


Fig. 8. x %. Dog. Perfusion of right lung. Injection of 5.c. of a saline solution of 
adrenalin (1 in 50,000). ee 


dose given in this experiment is twice that given in the idiiie 
tracing, but we have found that this makes no difference in the result. 
The animal also was different, but again we have not been able to make 
out any constant variations depending upon the animal employed. The 
previous state of the vessels as regards constriction or dilatation is of 
importance, but we have often observed considerable dilatation in vessels 
which were apparently well dilated before the injection was made. We 
may point out that the evidence we adduce that adrenalin does not cause 


contraction of the pulmonary arterioles, confirms the results of other 


observers (Gerhardt, Biedl and others) who have studied the question 
by recording the pulmonary blood-pressure. Similar experiments by 
ourselves gave the same result, 

The explanation of this striking difference in the action of adrenalin 
appears to us to lie in one of two directions. Either (1) the observed — 
dilatation is the expression of the direct action of adrenalin upon smooth 
muscle fibres, or (2) it is due to an excitation of the terminals of vaso- 


dilator fibres. Against this latter hypothesis is the fact that during 


perfusions with excitation of nerves we have not been able to obtain the 
least evidence of the existence of dilator fibres any more than we have 
been able to prove the presence of constrictor fibres. On the other 
hand, the first explanation suggested implies, firstly, that the pulmonary 
vessels are not supplied with constrictor fibres, and secondly, that 


adrenalin, when it causes constriction excites nerve-terminals and not 
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muscle-fibre. In our opinion, these are the correct conclusions to be 
drawn, and ‘further confirmatory evidence is given in the following 
section of this paper. ~ 

In addition to the marked diveesenes of the pulmonary as compared 
with the systemic vessels in their reaction to adrenalin, there are further 
differences with other drugs. Thus, muscarine or pilocarpine, which 
constrict limb and intestinal vessels, cause dilatation of the pulmonary 
vessels when perfused through them. An instance of this is given in — 
Fig. 9, where a dose of pilocarpine was administered. 


Fig. 9. Cat. Perfusion of lung. Injection of 2 ¢.c. of a 1°), solution of pilocarpine 
nitrate. Pressure of perfusion-30 mm.Hg. The long verticals indicate the with- 
drawal of 12 ¢.c. of blood in each instance. The thrust of the pump was increased 
at the end of the tracing. The total duration of the tracing was 7 mins. 2 secs. 


_ When, however, barium-chloride is injected the result is the same as 
in the case of limb or intestinal vessels. One must, of course, make 
allowance for the relatively greater flow through the pulmonary vessels, 
since through it the concentrated dose of the salt acts for a shorter time 
upon these vessels. Thus Fig. 10 shows the great diminution in the rate 
of flow through the lung vessels which followed an injection of barium- 
chloride. This should be compared with Fig. 6 (p. 486), when it is seen 
that the two reactions are practically identical. The preliminary 
increase in rate of flow seen in Fig. 10 is again greater than can be 
explained by the dilution of the blood with the saline solution. The 
strength of the solution injected was so chosen as to be isotonic with 
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serum. In these experiments with barium the maximum contraction is 
often only attained after some two to three sainutes. 


Fig. 10. Cat. Perfusion of the right pulmonary vessels. Injection of 2 c.c. of a 

2°4°/, solution of barium-chloride. Pressure of perfusion 88 mm. Hg. 14 successive 

amounts of blood each of 6 c.c, were injected and at the end of the tracing the thrust 
of the pump was readjusted. Total duration of the tracing 6 mins. 56 secs. 


WHICH TISSUE DOES ADRENALIN EXCITE? MUSCLE oR NERVE-ENDING ? 


The results we have thus far discussed raise the debated question as 
to whether adrenalin acts on muscle or on nerve-endings. In our 
3 opinion the latter view is the correct one, and we will discuss the 
evidence which leads us to that conclusion under the following sections, 

A. The action of adrenalin upon any tissue is invariably that which 
follows excitation of the sympathetic nerves supplying the tissue. It will 
not be necessary for us to describe in detail the action of suprarenal 
extract upon the different tissues of the body. It is sufficient to point — 
out what those actions are, and only to treat of them more fully where 
the result appears to require some further explanation. We may refer 
to the full description which is given by Langley’ in a recent volume 
of the Journal, 

Circulatory system. The action of adrenalin upon the heart is to 
produce acceleration and augmentation, Upon the frog’s heart but 
slight acceleration is produced and commonly no augmentation. After 
_ prolonged administration of minute doses dropped ventricular beats may 


1 Langley. This Journal, xxvu. p. 287. 1901. 
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ocour, but the whole action requires further investigation. The action 
upon systemic blood vessels is always to excite constriction. 

The newro-muscular mechanisms of the alimentary tract. Adrenalin 
inhibits any movements of the stomach which may have been occurring 
before the time of injection and likewise inhibits the cardiac sphincter. 
According to Page May’ the splanchnics contain no inhibitory fibres for 
the stomach. This is, however, in direct opposition to all other observers 
and requires confirmation. The vagus contains inhibitory fibres to the 


_ cardiac sphincter, but in addition to these, inhibitory fibres are also 


found in the fifth to the ninth thoracic nerves inclusively *. 

The action of the extract upon the stomach of the frog we found 
was to excite contraction, and in this animal this is also the action of 
the sympathetic nerve fibres running to it. 

The action of adrenalin upon the small and large intestine is to 
inhibit movement. In the frog the sympathetic nerves excite contrac- 


_ tion of the intestines, and in them also adrenalin excites contraction. 


“In the rabbit the extract causes inhibition of the internal anal 
sphincter; in the cat and dog the extract causes slight contraction of 
the sphincter. The effect in the several animals resembles in kind that 
produced by stimulation of sympathetic nerve fibres ; but in the rabbit 
the inhibitory action is rather more marked, in the cat and dog 
considerably less.” (Langley.) 

The action of the extract upon the spleen is to excite a powerful 
contraction. | 

Salivary glands. Adrenalin excites secretion, but this effect is not 
of much value for the argument one way or the other, because of the 
double secreto-motor nerve supply to these glands. We return to these 
experiments again when we consider the effect of adrenalin upon tissues 
whose post-ganglionic sympathetic fibres have been allowed to degene- 
rate (p. 499). = 

_ Respiratory tract. Adrenalin has no action on the muscles of the 
bronchioles, and the motor and inhibitory nerves of these muscles are 
all contained within the vagus. 

‘Urinary tract. Adrenalin excites a powerful contraction of the 
ureter. Injected intravenously, it inhibits the bladder in the mammal. 


When applied locally to the bladder, the part to which it is applied 


first contracts, but in a minute or so the local contraction gives way to 
local inhibition. On the other hand, we found in the frog, that adrenalin © 


1 Page May. British Med. Journ. Sept. 18th, 1902. 
* Langley. Schifer’s Textbook, u. p. 696. 


5 
ia 
f 
4] 
{ 
4 
| 
| 
; 
red 
| 
+ 
} 
| 
| 


VASO-MOTOR NERVES OF LUNG. 498 


causes contraction of the bladder, and this again is the effect following 
excitation of the sympathetic nerves to this viscus. 

Internal generative organs. In the male, the extract causes con- 
traction of the vas deferens and seminal vesicles. In the female, of the 
uterus and vagina, 

External generative organs. The extract causes contraction of the 
external generative organs, both in the rabbit, the cat, and the dog. 
All the effects are less strong than those caused by sympathetic 


stimulation. (Langley.) 


Erector muscles of the hair. Adrenalin causes erection of the hairs 
in the cat. (Lewandowsky.) Langley confirmed this, but found that 
the action was much weaker than had been stated by Lewando wsky. 
He states that the effect is never comparable to that produced by 


stimulating the nerves to these muscles. 


The eye. In the cat, adrenalin causes dilatation of the pupil, with- 
drawal of the nictitating membrane, separation of the eyelids and pro- 
trusion of the eyeball : ie. exactly those effects which follow excitation 
of the cervical sympathetic. The effects are less obvious in the rabbit, 
although in this animal also the dilatation of the pupil is easily seen. 
In the dog, the eyelids and the nictitating membrane are little if at all 
affected, and the pupils slowly and somewhat feebly contract instead of 
dilating. When large doses were given, Langley obtained evidence of 
slight dilatation of the pupil and the other eye symptoms in this animal. 
In the frog the extract causes dilatation of the pupil. 

We see then that an examination of the action of adrenalin upon 
the various tissues of the body shows that in every tissue the effect 
produced is exactly that which follows excitation of its sympathetic 
nerve supply. It is true, that in a few instances the action is distinctly 
less than that produced by nerve excitation, though it is the same in 
kind; but this is the only limitation which it is necessary to note. As 
the actions in the cases of different tissues are of very varied characters, 
and in the case of some organs is of an exactly opposite character to 
that observed in the case of others, the most reasonable: supposition 
to make in explanation of the results is to conclude that adrenalin 
works by throwing into activity the one common tissue present in all 
instances, namely, the sympathetic nerve terminals. This gives a simple 
explanation, while the supposition that it acts directly upon the tissue 
elements themselves, e.g. the smooth muscle fibres, requires the assump- 
tion that it can produce exactly opposite effects upon muscular coats of 
different organs. 
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Though pointing out how closely the actions of suprarenal extract 
upon the different tissues corresponded with the effects following 
excitation of their nerve-supply, Langley came to the conclusion that 
the extract excited the tissue cells themselves and not the nerve ter- 
minals. In forming this conclusion he was chiefly guided by the results 
obtained upon the tissues supplied by the cervical sympathetic after 
the superior cervical ganglion had been extirpated and the post- 
ganglionic segments allowed to degenerate. 


B. The striking difference in the behaviour of the pulmonary sans 
as compared to the systemic, recewes a simple explanation if the extract 
acts upon sympathetic nerve-endings only’. The main evidence from 
which we conclude that the pulmonary vessels’are not innervated has 
already been given, and we need only recapitulate it here. It consists 
of the following facts :— : | 

(1) Nerve stimulation during the course of a perfusion experiment 
gives absolutely negative results, although positive results are to be 
obtained easily in similar experiments upon innervated organs. 

(2) Similar negative results have been obtained by us when investi- 

gating the question by recording the pressures in the pulmonary artery, 
_ pulmonary vein, and right auricle and aorta; or by recording the blood- 
volume changes in the lung. In the majority of cages other observers 
have arrived at the same conclusion. Where positive results have been 
obtained they have always been slight in amount, and there is evidence 
that the observers in question have not eliminated all the factors which 
may influence the result. | 

(8) Histologically, we have completely failed to demonstrate the 
presence of nerve terminals in the walls of the pulmonary arterioles; 
though this negative evidence is not of any decisive value. 

Hence, if adrenalin does not act upon the nerve-endings when 
exciting contraction in systemic vessels, we shall have to assume that 
when acting upon the muscle tissue of systemic vessels it makes it 


1 In this connection it is necessary for us to define clearly what we understand by the 
expression nerve-ending. By it we mean the connecting link between the nerve fibre and 
the muscle fibre. It is not necessarily a constituent part of the muscle fibre nor yet of the 
nerve fibre. There is plenty of evidence in the action of drugs of the existence of such 
a connecting link. It can only exist where nerve fibre joins on to muscle fibre, but it does 
not necessarily follow that it should degenerate when the nerve fibre which terminates in 
it degenerates. If our conception of this neuro-muscular. junctional tissue is correct the 
name nerve-ending is obviously a misnomer. We have, however, retained it, since we 
think that it is commonly regarded as something distinet from the nerve fibre itself, 
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contract, while when acting upon the similar tissue of the pulmonary 
vessels it makes it relax. 

(4) Lastly, pilocarpine and muscarine, drugs which are universally 
regarded as acting upon nerve terminals and not upon muscle fibres, 
excite contraction of systemic vessels but relaxation * pulmonary 
vessels, 

C. The action of adrenalin upon the systemic vessels is in proportion 
_ to the wnervation of those vessels. The chief evidence we have in this 
connection is from some experiments by Ferrier and Brodie upon the 
innervation of the cerebral vessels. A detailed account of these experi- 
ments has not yet been published’, but we may state that they prove 
that adrenalin can constrict the cerebral vessels, though a large dose of 
the extract is required. Similar evidence of the action of suprarenal 
extract upon the cerebral vessels has been obtained by Bied!l and — 
Reiner*. All researches upon the innervation of these vessels prove 
that the vaso-constrictor supply is very scanty in amount. 

In the last place, Langley* has pointed out, that adrenalin has a very 
unequal action on the blood vessels of different parts of the body. “Thus, 
injection of suprarenal extract causes great pallor of the uterus, and but 
little in the bladder. It has a strong action on all skin arteries and so 
far as I have seen on all medium sized arteries in the body. In the 
abdominal viscera its effect is great on the main branches of the coeliac 
and superior mesenteric arteries ; the effect on the easily visible, though 

small, branches of these arteries in the stomach and intestines appears 
~ to me to be less than that on either the medium sized arteries or on the 
arterioles, The veins in these organs are little if at all affected.” 


D.. When the vaso-constrictor fibres of the systemic blood vessels are 
paralysed adrenalin no longer produces constriction. One of the best 
methods of testing the truth of our hypothesis would be, to paralyse the 
nerve-terminals of the systemic vessels and then see whether such vessels 
behave to the various drugs in the same way as the pulmonary vessels. 
We have attempted to produce this condition in three ways :-— 

1. By trying to find a drug which, while exerting no harmful effect 
upon the muscle fibres, will paralyse the nerve-endings. 

i. By experimenting upon organs removed some time after the 


1 A statement of the results obtained is given in Prof. Ferrier’s Harveian Oration 
_ (London, Bale and Sons. 1902), 

Biedl and Reiner. Pfliiger’s LXXIX. p. 158. 
* Langley. Loc. cit, p. 248, | 
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death of an animal, acting on the supposition that the nerve-terminals 
die earlier than the muscle fibres. 

ut. By experimenting upon organs in which the vaso-constrictor 
fibres had. been made to degenerate by dividing the post-ganglionic 
segment at some previous date. © 
Of these methods, the first has given us the most decisive results. 
We have experimented with several drugs with this object in view, but 
need only consider three of them, viz. cocaine, curare, and apocodeine. 
Cocaine hydrochloride, which, at first sight, appeared to be the most 
likely drug to produce the result we aimed at, did not prove very 
satisfactory. In an experiment upon the hind limbs in which the total 
perfusing fluid amounted to about 300 c.c. the gradual introduction of 13 
grams of the drug did not abolish the constrictor action of a dose of 
adrenalin subsequently injected.: The first effect of the introduction of 

- the cocaine was to produce some constriction. This quickly passed off, 
and subsequent additions produced less and less effect, the final state of 
the vessels being a full dilatation. The adrenalin was now injected, 
when a distinct constriction followed, though the effect was not so marked 
as in the control injection made before the introduction of the cocaine. 

In later experiments still larger amounts were added but without 
completely abolishing the adrenalin action. Moreover, we found that 
the cocaine when used in large doses injured the muscle fibres as well 
as the nerves, so that no decisive distinction between an action on nerve 
as distinct from muscle could be expected. Thus, in one experiment 
solid cocaine was added until it amounted to 2°/, of the perfusing fluid. 
In this case the vessels were widely dilated, but neither adrenalin nor 
barium produced any constriction, so that it was obvious that both 

~~ -+-ewpusele and nerve had been paralysed. 

A further attempt was made in experiments conducted in the 
following way :—A 5°/, solution of the alkaloid in normal salt solution 
was injected into the vessels so as to fill them completely, and was left 
there for ten, fifteen, or twenty minutes. The cocaine was next washed 
out by a little cJine solution, and the perfusion with blood then 
commenced, In all these experiments the results were again unsatis- 
factory. 

Though we failed to produce paralysis of the nerve-terminals without 
injury of the muscle fibres by the use of cocaine, when experimenting 
upon blood vessels, we obtained a positive result by the application of 
this drug’ to the frog’s stomach. Suprarenal extract. when applied to 
the frog’s stomach excites contraction. If, however, the stomach be 
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painted with a 0°05°/, solution of cocaine, the whole of the nerves are 
paralysed, and, if adrenalin be now applied, the muscle instead of 
contracting relaxes to a slight degree. 

The next drug we employed was curare. For these experiments we 
used a 1 °/, extract uf an active sample of curare (Merck) made in normal 
saline solution. This extract first excites contraction, but after about 
three small injections no further constriction is observed, and later 
injections produced dilatation alone. We only obtained partial success 
by using these curarised vessels. Thus a moderate dose of adrenalin 
entirely failed to excite constriction, but if one about four times larger 
than that which, before curare, produced a decided effect, was injected, 
a ¢onstriction was produced, though it was much slower in its onset and 
course, and decidedly less extensive than the typical normal reaction. 
The. action of barium was still perfectly retained. We thus obtained 
some evidence of a direct antagonistic action between curare and 
adrenalin, though only to a partial degree. We must point out that 
though the administration of very large doses of curare weakens, it does 
not entirely abolish the constriction following electrical excitation of 
vaso-constrictor nerves. 

The drug which we finally found satisfactory for our purpose was 
apocodeine. One of us (W. E. D.)', has shown that this alkaloid acts more 
particularly upon nervous structures. In moderate doses it paralyses 
sympathetic ganglia, while if still larger doses are injected into an 
animal it produces paralysis of many nerve-endings. Among these are 
the nerve-terminals of the vaso-constrictor nerves. The first effect of 
an injection of apocodeine, during the course of a perfusion through the ' 
limbs, kidney, or intestines, is to produce constriction. This quickly 
passes off, and subsequent injections produce less and less effect, until 
after the injection of a few c.c. of a_1°/, solution no constriction is pro- 
duced, and in most cases a dilatation takes its place. It is now found 
that the nerve-endings are paralysed. Stimulation of the vaso-constrictor 
fibres is entirely without effect. Further, the injection of adrenalin, pilo- 
carpine, or muscarine fails to produce constriction (Fig. 5, B, p. 485). 
If excessive doses of the drugs be subsequently administered, as a rule 
some constriction is produced. This is notably the case with very large 
doses of adrenalin, but the difference in the response of the blood vessels 
before and after the treatment with apocodeine is of the most striking 
character. Thus in the experiment from which Fig. 5, B, was taken an 


? Dixon. This Journal, xxx. p. 97. 1903. : 
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injection of 10 c.c. of the ecient solution produced a slight but per- 
sistent constriction after a latent period of 45 secs. In the last place, 
the injection of 1 to 2 c.c. of an isotonic solution of barium-chloride — 
through these apocodeinised vessels produces a perfectly typical con- 
striction, one running a course in all respects identical to that produced 
in an unpoisoned set of vessels. This is evidence, therefore, that the 
muscles have not been injured by the treatment with apocodeine, a con- 
clusion which is confirmed by the fact that they also react to changes 


in the perfusion pressure in a perfectly typical manner. 


We may now sum up the evidence we gain from this series of 
experiments. \ Cocaine, curare, and apocodeine, three drugs which are 
known to act chiefly, if not exclusively, upon nerve-terminals, all modify 
or abolish the action of adrenalin. Cocaine gives no positive evidence 
when the experiments are conducted upon blood vessels, but does so in 
the case of the frog’s stomach. Curare partially paralyses vaso-constrictor 
nerve-endings, and also partially abolishes the adrenalin action upon 
them. Lastly,apocodeine paralyses these nerve-endings,and also abolishes 
the constrictor action of adrenalin unless very excessive doses are given. 
In many instances, moreover, the action of adrenalin after apocodeine is 
to produce relaxation. Thus the systemic vessels may become exactly 
comparable to the pulmonary, after apocodeine has produced its full 
effect. In these experiments with apocodeine and curare the muscular 
tissue of the vessels is apparently uninjured. It will react by contract- 
ing if the pressure of perfusion be suddenly raised, and it will react 
normally to barium-chloride. We conclude, therefore, that adrenalin 
acts upon the part paralysed by these drugs, t.¢. upon the nerve-endings. 

II. A second method which we adopted, was to perfuse the limbs 
or intestines of animals several hours after death, hoping to find a stage 
in which adrenalin produced no constriction while barium-chloride still 
produced its typical effect. If this occurred, it would prove that the 
part excited by adrenalin died before that excited by barium-chloride, 
and in such a case the part dying first would, in all probability, be the 
nerve-endings. Taken by themselves the experiments would not be 
conclusive, but could only be taken as part of the general evidence, 
since they would be quite open to the interpretation that barium- 
chloride was a far more powerful excitant than adrenalin, and could 
cause a contraction of fibres which were so far dead as to be unable to 
respond to adrenalin. If, on the other hand, we were to find that the 


excitability to both drugs was lost simultaneously, the —o 


could decide nothing one way or the other. 
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' In these experiments we found that the excitability of thé vaso- 
constrictor nerve-trunks to electrical stimuli was lost in from 2 to 3 hours 
after death, but that up to 6 hours after death the reactions to adrenalin, 
pilocarpine, and barium were precisely similar to those obtained in ex- 
periments in which the perfusion was started without any delay. 
Further experiments were tried in which the animals were kept. 12, 16, 
and 20 hours before being perfused. The results were again the same, 
the only difference being that the contraction of the arterioles was 
found to be much greater at the start and that the reactions were not 
so marked. One experiment performed 24 hours after death was 
especially interesting. The adrenalin reaction had almost entirely 
disappeared, only a small reaction being obtained with the first injec- 
tion, and nothing with a second and third. These injections were 
followed by one of barium, and the effect was also found to be very 
much weakened, though not to the degree seen with adrenalin. The 
experiment. however, was in no way decisive. 

We would point out, that if our contention that adrenalin stimulates 
nerve-endings and not muscle fibres is true, these results prove that 
the nerve-endings are much more resistant than the nerve-trunks. The 
former are still slightly excitable 24 hours after death, whereas the 
latter have lost their excitability in about 3 hours after death. This 
again is evidence that the nerve-ending is something distinct from the 
nerve fibre. (See footnote, p. 494.) 

III. The third method we adopted was that of degeneration. This 
method has already been tested by several other observers (Lewan- 
dowsky, Langley, Schultze, and others). For our experiments we 
chose the vessels of one of the hind limbs. In the first series we 
divided the sciatic only, removing about 2 cms. of the nerve. The 
animals were kept alive for 4, 7, and 14 days, were then killed and the 


hind limb, whose nerve was divided, perfused in the ordinary way. In | 


all cases the reactions were just as active as in normal animals. In 
two further animals we therefore divided the anterior crural nerves as 
well as the sciatic, and kept them for 2 and 3 months respectively 
before perfusing them. Again the reactions were just the same as in 
normal animals. The place of division of the nerves was certainly 
incorrect, but we did not pursue the investigation further by this 
method because, with one exception, all observers are agreed that 
tissues react to drugs usually regarded as exciting nerve-endings in the 
normal manner, even after the post-ganglionic segments have been 
allowed to degenerate. Thus, in the particular instance of adrenalin, 
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we have the following evidence. Lewandowsky' found that the 
various eye effects of suprarenal extract were still produced after 
degeneration of the post-ganglionic segments of the superior cervical sym- 
pathetic ganglion. This has also been confirmed by Langley*. Again, 
Langley showed that suprarenal extract excited a flow of saliva, in 
a typical manner, in a cat in which the superior cervical ganglion had 
_ been removed 10 days previously. In this same experiment Langley 
also observed the effect of the extract upon the blood vessels of the sub- 
maxillary gland, and upon the erector muscles of the hair in the face 
area, and found that the effects were the same as those produced 
normally, though the vascular effect was rather less distinct. In our — 
previous paper upon the bronchial muscles*, we describe an experiment 
in which we divided the vagus in a cat, and 56 days later tested the 
nerve and the reaction of the bronchial muscles to pilocarpine. We 
found the nerve trunk completely inexcitable, and pilocarpine produced 
absolutely no constriction of the bronchial muscles on that side on 
which the nerve had been divided, though it produced a typical result 
on the other side. In the light of our subsequent experience we are 
inclined to doubt the conclusion we then drew, viz. that the broncho- 
constrictor nerve endings had completely degenerated. We think that 
it is possible that had we injected a larger dose of pilocarpine we might 
have observed a constriction. In any case, however, there is no question 
but that the nerve endings had become much less excitable. We think 
it important to test this experiment still further, especially as it stands 
as an isolated instance. 

These degeneration experiments are of the greatest importance in 
connection with the view we hold that adrenalin acts upon nerve endings 
and not upon muscle fibre. If the nerve endings have really degenerated 

_ and adrenalin still produces its typical result our contention falls to the 
ground. It does not necessarily follow that because the excitability of 
the nerve trunk has completely disappeared that therefore the nerve- 
endings have also degenerated, especially when we remember that there 
is much pharmacological evidence that the nerve-ending is to be 
considered as something sui generis and not merely a terminal portion 
of the nerve fibre. We would further pass the criticism upon the two 
degeneration experiments of Lewandowsky and of Langley, that they 
had not allowed a sufficient time to elapse between the section of the 


a 


1 Lewandowsky. Arch. f. (Anat. u.) Phys. 1899, p- 860. 
2 Langley. Loc. cit. p. 244. 
-® Dixon and Brodie. This Journal, xx1x. p. 141, 1903, 
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nerve and the testing of the nerve-ending by the adrenalin. We think 
that the evidence we adduce in this paper, apart from the degeneration 
experiments, conclusively proves that adrenalin acts on nerve-endings. 
Consequently we think that the fact that the extract still produces an 
effect, which be it noted, was weakened in the case of the submaxillary 
blood vessels, is evidence that the nerve-endings nes not completely 
degenerated. 

The view that suprarenal extract exerts its action directly upon 
muscle substance derives its origin from Oliver and Schafer’. Their 
main reason for this conclusion was, that the muscle twitch given by a 
frog’s somatic muscle which had been treated with suprarenal extract 


somewhat resembled that of a veratrinised muscle. We do not think 


that this fact affords any cogent reason for their supposition. If this form 
of reasoning is valid then surely the extract should be expected to act 
always in the same manner upon all smooth muscle, especially as the 
tissue is one of the least differentiated of the body. It must also be 
remembered how easy it is to obtain a slightly prolonged muscle twitch ; 
even normal saline, made up without a calcium salt, will do this whilst 
other bodies which certainly act on nerve will also produce the same — 
result. Of such substances oxycolchicine may be taken as an example. 
This drug, as we have satisfied ourselves, stimulates the same nerve- 
endings as pilocarpine, and its action is completely antagonised by a small 
dose of atropine, nevertheless it prolongs the muscle twitch markedly. 
We have performed a few experiments on the eyes of aneesthetised 
cats, and have found, like Wessely*, that subconjunctival injections of 
adrenalin produce decided dilatation of the pupil, which commences near 
the seat of injection and reaches its maximum in abvut fifteen minutes.. 
If, in a similar manner, a small dose of barium-chloride be injected, a 
well-marked constriction develops, starting also near the seat of injection. 
Here then we have an instance of a drug which acts directly on muscle, 
producing contraction of the pupil when acting locally. So, too, if 
suprarenal extract acted on muscle directly the more powerful con- 
strictor should again overcome the dilator muscle. The fact that it does 
not do so can only mean, either that the drug acts on sympathetic 
nerve-endings and not on cranial autonomic fibres, or that the two 
sets of similarly developed muscle fibres possess fundamentally different 


properties. 


1 Oliver and Schiffer. This Journal, xvi. p. 230, 1895. 
2 Wessely. Ber. iib. d. 28 Versamml. d. Ophth. Ges. Heidelberg, 1900, p. 69. 
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CONCLUSIONS. 


1. A method is described by which variations in the calibre of 
arterioles are determined by recording variations in the rate of flow of 
blood through the vessels when perfused at constant pressure. 

2. Stimulation of the vaso-constrictor nerve supply to the vessels of 
the intestines or limbs gives a positive effect more than two hours after 


the death of the animal. 


3. Adrenalin, pilocarpine, muscarine weil barium-chloride all cause 


‘constriction when added to the blood perfused through the intestines 


or limbs. 
4. In no case does excitation of any sympathetic or vagal nerve 
fibres passing to the lungs produce any effect upon the rate of flow of 


_ blood through the pulmonary vessels. 


5. While barium-chloride produces a constriction similar to that 
observed in the systemic vessels, adrenalin, pilocarpine and muscarine 
all produce dilatation. 

6. If the vaso-constrictor nerve-endings of the limbs or intestines be 
paralysed by apocodeine or curare, the constrictions usually produced by 
adrenalin, pilocarpine and muscarine are abolished or may even become 
converted into dilatations ; te. these vessels then behave like the 


pulmonary vessels, 


7. The pulmonary arterioles possess no vaso-motor nerve supply. 

8. Barium-chloride acts directly upon muscle fibre. Adrenalin, 
pilocarpine and muscarine excite constriction be “re on. nerve 


the Government Grant Committee of the Royal Society.) 
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NOTE ON THE ULTIMATE FATE OF VENTRAL 
CORNUAL CELLS AFTER SECTION OF A NUMBER 
OF POSTERIOR ROOTS. By W. B. WARRINGTON. 
M.D., M.R.C.P. (One Figure in the Text.) 


(From the Thompson Yates Laboratory of Pathology, 
University of Liverpool.) 
Pror. SHERRINGTON was kind enough to hand over to me the spinal 
cords of two dogs in which he had divided a number of posterior roots 
and also performed a semisection on the same side. As the animals had 
been allowed to live for a considerable time after the operations I was — 
enabled to observe the condition of the cells of the ventral cornua, which 
had for a long time been deprived of sensory impulses coming in by the 
afferent rvots and also of impulses from above the site of semisection. 

In former communications on this subject I concluded that section of 

the posterior roots, especially in the lumbo-sacral region, produced a 
chromatolysis in many cells of the ventral cornua, and that after some 
time, for example 30—74 days, the chromatolysis disappeared but the 
total number of cells on the site of the lesion was less than on ‘the intact 
side. 
__ The observations I made’ on the effect of recent section of the 
posterior roots and the production of chromatolysis in the anterior horn 
cells have been tonfirmed in essential particulars by Braeunig’, who 
- agrees that after section of these roots in the lumbo-sacral region the 
stress of cell change falls on the 7th and 8th post-thoracic segments and 
chiefly on the postero-lateral group of cells. 

I was glad to avail myself of the opportunity provided by Prof. 
Sherrington to notice further the effect of this lesion after periods 
respectively of 150 and 223 days from the initial operation. 

The cords were fixed by formol, and about 150 sections of 6°5 p in 
thickness were cut from each segment. After staining with methylene | 
_ blue and erythrosin, the nucleoli visible in the cells of half this number of 
sections were counted. 


1 This Journal, xxi. p. 112, 1898. 
* Bracunig. nr Anat. und Phys. Phys. Abtheit. 1908, p. 261. 
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In the enumeration of the cells in 6th to 9th segments only those 
contained in the large prominent groups in the postero- and antero- 
lateral regions of the cord were noted. In the 4th and 5th segments 
where the division into groups is not obvious all the large cells visible 
were counted’, 


Obs. 1. Dog. a 
the cord high up. Lived 150 days. . 
The numbers refer to the number of nucleoli. 


VI Segment 318 281 
Post. ext. group 143 110 
Ant. ext. group 204 189 
Ti | Post. ext. group 81 - 51 
3 Ant. ext. group 168 150 


Total: normal=914, lesion=781. 


Examination of the cord at the level of the Ist and 2nd lumbar 
segment showed that the cells of Clarke’s column were markedly 
diminished at the side of the lesion. 

The cord was not symmetrical, there being abate wasting both in 


the white and gray substance on the side on which the sections had been 


Obs. 2. Dog. April 2, five roots were divided—3 weeks later a liberal semisection 
established. June 23, three lower roots cut, and on July 1, two higher roots cut. It was 
found post-mortem that in all nine dorsal (2nd to 10th) post-thoracic roots had been cut 
and hence presumably in one of the later operations one of the original five roots was 
redivided. Animal lived 223 days. 

‘The numbers refer to the number of nucleoli. 


sf Normal side Lesion side 
IV Segment 279 224 
Vv 225 223 
: Ant. ext. 221 117 
VII Post. ext. 207 151 
Ant. ext. 227 170 

Vil... 102 70. 

Ant. ext. 242 162 
Ix a Post, ext. 177 136 
pee Ant. ext. 99 . 62 


Total: normal=2012, lesion = 1388, 
‘1 | wish to acknowledge with many thanks the kind help given to me by Dr F. Griffith, 


Alexander Fellow in Pathology, who prepared these sections and confirmed hy independent 
enumerations my results. 
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| “VENTRAL OORNUAL OBLLS. 
: The wasting of the gray and white substance was very marked in 
this example, and is indicated in Fig. 1, drawn by the aid of Edinger’s 


drawing apparatus. Clarke’s column here also showed marked — 
of its cells. 


6™ 


\ 


Fig. 1. Outlines of the cord in Obs. 2, at the level of the 6th, 7th, 8th, and 9th post- 


gray and white substance on the side of the lesion. 


Remarks. The distinct results obtained in hie two cases, especially 
in the second example, cannot be attributed to any natural variations in 
the number of cells on either side, but must I think be regarded as 
unequivocal evidence that the lesion had brought about a marked atrophy 
of cells, 

What is the share taken by the semisection or partial withdrawal of 
impulses from the brain in these results? My previous experimental 
observations indicate that this lesion has little influence, but there is not 

wanting a considerable amount of pathological evidence in favour of the 
occasional “ deuteropathic” affection of the ganglion cells of the anterior 
horn’. Attribute however the major part of the changes to the withdrawal 
of afferent impulses, this is indicated by the more pronounced atrophy 


2} Warrington. This Journal, xxrv. and xxv.; Mott and Tredgold, Brain, xxv. | 
p- 401, 1902, 
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found in the second animal in which nine roots were cut, compared with 
the first in which six were cut. My own observations and those of 
Braeunig on the chromatolysis which is found — recent lesions also 
confirm this view. 

Although in obs, 2 it is seen that both anterior snd posterior lateral 

" groups have suffered, the maximum intensity falls on the latter of these 
and is most marked in the 6th segment. A reference to the figure will 
also show that in this segment the wasting is most intense, and its 
position midway in the region deprived of afferent impulses supports the 
view that the change is to some extent proportioned to amount of such 
withdrawal. 

Two observations bearing on these results should be mentioned. 
Anderson’ says that in a kitten 17 days old in which he had divided 
the four last lumbar and ‘first two sacral dorsal roots he found no 
evidence of “disuse atrophy” in the ventral cornual cells, after a period 

_ of 51 days. This observation is not quite in accord with the result 
obtained by me in a similar experiment on an adult cat*, in which I 
concluded that there was some evidence of atrophy on the side of the 
lesion, I do not know whether this difference can be attributed to the 
ages of the animals, it may in part be a factor, since it is a more severe 
disturbance to deprive these cells of long-continued impulses, than to 
attempt to retard their development by their early withdrawal. 

In his studies of Tabes, Mott* in quoting my results says he has | 
been surprised not to find more evidence of chromatolysis in cases in 
which very extensive degeneration of the posterior roots was present, and 

a also in his experimental observations after section of these roots when 
i the animals had been allowed to live for long periods, but suggests that 
this may be due to the late period at which the cords were examined. 
I entirely agree with this view, the chromatolytic change is usually 
a temporary one, the cells either repair or undergo retrograde changes 
| resulting in marked shrinking and atrophy. The process of repair varies 
a considerably in its rate, as in the second example noted in this paper 
fi slight but distinct evidence of chromatolysis was found. In discussing 
| the amyatrophy of Tabes, Mott also states that for the production of 
i this atrophy not merely destruction of exogenous but also of endogenous 
i fibres is necessary. I consider that, experimentally at least, the total 
section of fibres of exogenous origin may be sufficient. 

i | The expenses of this and other pathological work have been defrayed 

| by the Scientific Grants Committee of the British Medical Association. 
| 

| 


? Anderson. This Journal, xxvul. p. 499. 1902. 
* This Journal, xxtv. p. 471. 1899. * Mott. Archiv. of Neurology, u. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
June 1903. 


Further observations on the photo-electric responses of the 
frog’s eyeball. _By F. Gotcu. 


The present series of records obtained by the capillary Rasen kes 
of the photo-electric changes in the Frog’s Eyeball show the following 
points in connexion with these changes. ) 

(i) The resting eyeball current can be reversed during a series of 
observations by means of external cold without altering the direction 
and general character of the photo-electric responses. This shows the 
independent sources of the resting current (cornea, lens, etc.) and of the 


photo-electric responses respectively. 


(ii) The response on the cessation of light may, ander favourable 
conditions, be of a type similar to that produced by continuous 
illumination. This shows that the response during darkness may be not 

a single excitation, but a summation effect like that occurring with 
continuous illumination. 

(iii) With intermittent siaihads of light and darknens (each period 
being of such short duration as to give little or no light cessation 
response) the effect of repetition is to diminish the light response and 
to increase the dark response. This shows that, whereas an essential 
condition for obtaining light responses is previous darkness, an essential 
condition for obtaining dark responses is previous light. _ 

If the light and dark responses are assumed to be the indications of 
such photo-chemical changes as are potent factors in retinal stimulation, 
then the characters of the responses indicated above suggest the 


following hypothetical views on visual sensations. 
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(a) Sudden darkness would be a real retinal stimulus, and black 
would be a real sensation due to such stimulation. 3 

(6) Talbot's law would be explicable as the blending of two distinct 
sensory processes due to light and dark stimulation respectively. 

_ (c) Successive contrast (eg. dark following light) would be not a 
mere fatigue but very largely the actual stimulation of a separate 
reacting substance, the dark after-images following illumination being 
the visual effect produced by such stimulation of the dark reacting 
substance. . 

(d) Hering’s conception of white and black as two distinct 
excitatory processes would be supported, but since the photo-electric 
changes are in both cases of the same general type, Hering’s conception 
that they are of opposite character (dissociative, associative) would be 
contradicted. 

(e) The adaptation of the eye (by previous darkness, etc.) would find 
its physiological- basis in the fact that each substance increases in 
functional capacity when placed under conditions opposite to those 
which stimulate it; this condition would be previous darkness for the 
light reacting substance, and previous light for the dark reacting 
substance. | 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 


July 11, 1908. 


Smoothly graded colour-contrast. By W. McDovuGaLt. 


In a previous communication I shewed that, when a white surface 
and a dark grey surface are separated by a zone of smooth transition 
from grey to white, the contrast effects are much intensified, the grey 
transition zone appearing separated from the white surface by a band of 
brighter white and from the dark grey surface by a darker band. 

I wish now to add that similar effects are produced if the dark grey 
surface is replaced by a light grey surface, both the brighter and darker 
bands being distinctly perceptible when the physica] brightness of the 
white surface does not exceed that of the grey by more than 15 °/,. 5 

A zone of smooth transition from a grey to a coloured surface, or from 
one colour to another, produces colour-contrast effects exactly compara- 
ble to those of brightness-contrast described above. 

Thus, a star of grey paper of shape shewn in the figure rotated upon 
a red ground of about the same brightness gives physically a zone of 
smooth transition from grey to-red, but to the eye the transition zone 
appears separated from the grey centre by a bluish-green band and from 
the red ground by a band of red of rather greater saturation. 

Again, a star of similar shape and of bluish-purple colour rotated 
upon a ground of reddish-purple gives physically a zone of smooth 
transition from the one purple to the other. But to the eye this zone 
appears separated from the bluish-purple centre by a band of blue and 
from the reddish purple periphery by a red band. The transition zone 
may be conceived as the psychical resultant of two superimposed slopes 
of sensation, a blue slope rising centralwards, a red slope rising towards 
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iv PROCKEDINGS OF THE PHYSIOLOGICAL 
the periphery, and in either case the intensity of the psycho-physical 


process appears to be heaped up at: the top of the slope and depressed 


or withdrawn from the foot of the slope. 


Similar. effects occur with other combinations of colours, and are — 
most marked when the two colours employed are of neighbouring gt 
of the spectral series. 

These effects of smoothly graded contrast seem to be incapable | of 
being reconciled with Hering’s theory of contrast. This is most 


-obviously and certainly true of the case of intensification of white 
sensation by a zone of smooth transition to a rather less bright white or 


bright grey,a grey very much brighter than any which could be claimed 
as the theoretical “medium grey” by the supporters of the theory 
of “Gegenfarben.” - On the. other hand, all these effects seem to be 
readily and completely explicable in terms of the theory of contrast 
advocated in my papers on colour-vision (Mind, N.S. Vol. x.). 


Demonstration of enhydrina poisoning. By Dr Leonarp Rogers. | 


The Enhydrina Bengalensis is the commonest of the very poisonous 
Hydrophidw or Sea-snakes. The minimal lethal dose is 0°05 milli- 
grammes per kilo for warm-blooded animals, that is 10 times as powerful 
as cobra venom. 

Experiment. A cat weighing 2°5 kilo was chloroformed by 
Dr Waller. A tracheal tube having been inserted, and a canula 
placed in the carotid artery, the respirations and blood-pressure were 
recorded on a revolving cylinder. Then 2°5 milligrammes of dried 


_ enhydrina poison (1 milligramme per kilo) were injected into the external 


Soom vein through a canula. 
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Before injection | 150 54 
Afier i minute 140 53 
» 2 minutes 125 48 Fall in blood-pressure 
125 39 slowing down 
135 34 
140 28 Respiration much slower 
pico pe 150 23 Blood-pressure rising 
( 150 22 
150 20 
75 Respiratory convulsions 
96 50 
” 14 25 
15 10 — 


On now opening the chest the heart was found to be still beating. 
On stimulating the phrenic nerves in the chest with the secondary 
coil. at 0°, there was no contraction of the diaphragm, bat this muscle 
readily responded to direct stimulation. | 
On stimulating the sciatic nerves only a very feeble contraction was Po 
produced with the coil up to 9 mm., but none with it at 10 mm. | 
There was thus complete paralysis of the phrenics and partial 
paralysis of the sciatics. 
The blood from the carotid artery was very dark i in colour and clotted 
firmly and quickly (in 2 minutés). 
This experiment shows the typical paralysis of the respiratory 
centres and motor end plates, the latter being most marked in those of 
the phrenic nerves, thus resembling that produced by cobra poison. - 
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Chloroform estimation by densimetry. By A. D. WALLER. 


The method (for the rapid determination of the percentage of 
chloroform vapour in a mixture of chloroform and air) is described in 
the British Medical Journal of June 20, 1903, by Waller and Geets. 
It consists in weighing a flask of 260 c.c. capacity (1) fall of room air, — 
(2) full of the mixture under examination; units per cent. of chloroform 
vapour in this volume (at 15° and 760 mm.) are indicated by centi- 
grammes increment of weight. o 

1000 c.c. CHCl, vapour at 0° and 760 mm. Hg weighs 5°325 grins. 

” air ” ” ” ” 1 1293 

Difference = 4032 
So that each 1c. of CHCl, replacing 1 c.c. of air gives an increased 
weight of 4032 milligrammes, and by taking the increased weight of 
a 250 cc. flask or bulb (better 260c.c. to allow for an average tem- 
perature of 15°) each unit per cent. of chloroform in the mixture is 
represented by 1 centigramme. 
Corrections for temperature and und voltime) may be made 
if thought desirable from the formula 
log P = 1°8391 + log m — log v + log 7’ — log H, 

where P is percentage, m increment of weight in milligrammes, 
v capacity of densimeter in cubic centimetres, 7’ absolute temperature, 
H barometric pressure, and 1°8391 a constant. 

The following experiment is given to illustrate the application of twin 
densimeter readings to an ordinary laboratory anesthesia, Temp, = 22°. 


Bar. = 770 mm. 


Cat under 30 |. bell-jar. Delivery of air by bellows at approximately 
20 1. per minute, through a chloroform flask and two densimeters 
A and B left on the delivery tube for one minute. .The corneal reflex 
was abolished at the end of the 6th minute. The temperature of. the 
chloroform. fell during this period from 22° to 13°. The densimeter 
readings of the Ist and of the 7th minutes were respectively 
Temp. of CHCl, 


+ 
Ist minute (qm 176°) {4 008 gro 
7th minute (t, = 13'4°, t, = 10°8°) 
ie. the percentage of the chloroform mixture delivered was 4°6, Felling 
to 38 per cent. 
* The + colamn represents increments of weight due to chloroform vapour in the 
densimeter has been 


; the — column represents recovery of weight after the 
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Ether estimation by densimetry. By A. D. WALLER. 


A similar method affords a ready means of determining the 
percentage of ether vapour in mixtures of ether and air, and is all 
the more valuable in that we possess no convenient chemical method 
for the titration of ether vapour in such mixture. 

The physical principle involved is identical with that from which 
a densimetric determination of chloroform is derived. 

The molecular weight of ether = (C,H,),0 = 74. 


A litre of ether vapour at 0° and 760 mm. weighs 
0°0895 x 37 = 3:311 grammes. 
A litre of air weighs 1-293 


Difference grammes. 


So that a litre of ether vapour is 2°018 grams heavier than a litre oe 


of air and each c.c, of ether vapour replacing 1 c.c. of air gives an — 
increased weight of 2°018 milligrammes. This is almost precisely one 
half the analogous value for chloroform vapour, 4°032, and allows us 
therefore to use the same densimetric flasks.for rapid percentage 
readings of ether as well as for chloroform vapour. With a 260 cc, 
flask used for chloroform vapour the unit per 100 is indicated by the 
centigramme increment of weight. Used for ether vapour the unit 
per cent. is indicated by half this value or 5 milligrammes. And as 
practically the percentages of ether to be dealt with are 5 to 10 times’ 
those presented by chloroform the method gives readings on a very open 
scale as regards the physiological range of ether anaesthesia. 

- With the bulb of 260 c.c. percentages of 5, 10, 15, 20 of ether are 
represented by weight increments of 25, 50,75 and 100 milligrammes, 

Temperature and pressure corrections are of secondary importance 
but are readily applied in the usual way by formula; and we can 
readily take out from the same formula what must be the volume of 
a flask or bulb to afford at 15° and 760 mm. percentage readings in 
centigrammes. This volume obviously will be about 260 x 2 or 
529 | 
The formula for ether percentage is:— _ 


log P = 21397 + log m — log v + log 7’ log H. 
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Heat contraction in Nerve. By T. G. Bropte and W. D. 
HALLIBURTON. 


On heating a nerve it shortens, and the temperature at which the 
first shortening occurs coincides with the temperature at which its 
electrical response is abolished. N. H. Alcock’ showed that this 
latter effect is produced at a temperature which is lower in cold-blooded 
than in warm-blooded animals. Brodie and Richardson* showed 
that the irritability of muscle is also abolished at the temperature at 
which the first shortening occurs in heat-rigor, and that this is lower 
in cold-blooded than in warm-blooded animals. The same observers . 
were the first to show that heat-rigor occurs in successive steps, and 
that these coincide with the coagulation temperatures of the proteids 
contained in a saline extract of muscle. 

The same is true for nerve. In a rabbit’s nerve the steps in the 
shortening occur approximately at 47° and 56°C. In a frog’s nerves, 
there are three steps, occurring approximately at 42°, 47°, and 56°C. 
In order to obtain these results, it is essential that the parts moved 
should be extremely light and free from friction. An experiment with 
frog’s nerve was demonstrated to the meeting : the nerve was fixed at one 
end in a trough containing mercury covered with physiological salt 
solution. The nerve lay horizontally in the salt solution on the surface 
of the mer€ury. Its free end was attached to a light aluminium wire 


_ placed vertically, at the upper end of which was pivoted a small mirror, 


which reflected a spot of light on to a screen, The trough was placed in 
a water bath and carefully warmed; as the nerve shortened the spot of 
light moved downwards. 

The ultimate length of the nerve when heat contraction is finished 
is often less than half its original length. _The method is capable of 
application to other tissues; preliminary experiments with liver and 
spinal cord have already been made. 


1 Proce. Roy. Soc. uxx1. p. 264, 1903. 
* Phil. Trans. cxct. B, p. 127. 1899. 
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Observations on precipitins. By A. Hunter. 
(Preliminary Note.) 


_ Rabbits were treated with injections of the separated proteids of ox- 
serum. Each animal received from 5 to 7 injections; each injection 
contained "15 grammes of albumin, euglobulin and pseudoglobulip 
respectively. Precipitins were obtained in every case. 

The rate of production and the variation in amount of the precipitins 
were specially observed. In a few cases precipitins could be detected 
_ after one injection only. They were always in readily appreciable 
amount after the 3rd injection ; and in very.considerable quantity after 
the 5th, But the most striking fact noted was that any injection, (say 
the 4th,) performed on a rabbit whose serum was already rich in 
precipitin, led to an immediate diminution, and indeed usually to a 
cornplete disappearance, of the precipitating substance from the blood. 
_ It was only gradually reproduced, reappearing about the 2nd or 3rd day, 
and attaining its maximum amount about the 5th or 6th. Each 
successive maximum was of course higher than the previous one, 
Another point partially investigated was the behaviour of the 
leucocytes during the process of immunisation. The first injection 
produced a slight increase of polymorph forms (from 7,000 to 10,000), 
which soon subsided. The 2nd produced a larger increase (12,000), the 
8rd a larger still (20,000), and so on; till, after the 6th the leucocytes 
rose to 32,000. At each period the increase was a merely temporary 
one, and in the interval between.two injections the number sank 
steadily. The leucocytes, therefore, followed —— & course 
exactly inverse to that of the precipitins. om 
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On the physiological action of certain chemical constitu- 
ents of extracts of brain and blood. By Swae VINCENT and 
W. Cramer. (Preliminary communication.) 


(From the Physiological Laboratory, University of Edinburgh.) 


Ox brains have been extracted with water or normal saline solution, 


- boiled for a short time and sufficient acetic acid added to complete the 


precipitation of the proteids. The extract after filtering has been 
evaporated to dryness and extracted with absolute alcohol at laboratory 


temperature. We have then studied separately the — solution — 


and the residue insoluble in alcohol. 
There are at least three depressor substances in water extracts of 
brain: 


Dried H,O extract 
_ Treated with absolute alcohol 


1 
Insoluble in absolute alcohol in 
the cold; only soluble by heat and 
prolonged treatment 
Powerful depressor substance ; 
effect not abolished by atropine 


The alcoholic solution, after filtering and evaporating to dryness was _ 
taken up several times with absolute alcohol with the object of getting 
rid of inorganic salts. The final alcoholic solution was precipitated 
with platinum chloride. The greater part of the precipitate we found 
was not easily soluble in water. By repeated crystallisation of the part 
easily soluble in water we obtained crystals of two distinct forms, 
prisms and octahedra, The prisms have a platinum percentage of 
32°83—32°85. Since the choline salt has a percentage of 31°64 and not 
quite the same physiological action as this substance, we consider the 
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latter a distinct substance and we suggest that it is “di-choline anhy- 
dride”. This substance cerresponds to No. 2 in above scheme. 

The octahedra do not melt below 260°C.; on heating they are 
decomposed without charring or any smell of amine; they give off an 
alkaline vapour and yield Spongy platinum. They thus prove to be the 
ammonium-platinum c 

The part of the platinum precipitate insoluble in cold water, after 
elimination of the platinum, consists chiefly of potassium chloride. 

Thus it will be seen that by repeatedly taking up in absolute 
alcohol or by crystallisation it is impossible to get rid of certain in- 
organic elements. This shows that the inorganic constituents are 
originally present in combination with organic substances and are set 
free only on the addition of an acid. 

The fact that the ammonium double salt with platinum chloride, 
crystallising in octahedra, is in danger of being mistaken for the choline 
salt, led us to suspect that the same might apply to pathological blood 
in which choline was stated to be present in much greater amount than 
the normal’, We have therefore tested normal blood by extracting 
with alcohol and repeatedly taking up in fresh alcohol and we have 
obtained a large crop of crystals—octahedra, precisely resembling those 
- figured by Halliburton in the case of pathological blood*. For this 
reason we consider this chemical test for choline’ to be fallacious. As 
regards the physiological test Halliburton obtained a fall of blood- 
pressure on injection of extracts from pathological human blood (nervous 
cases), but negative results on the injection of extracts of normal cat's 
blood. We have tested the blood of the ox and the rabbit upon the 
blood-pressure of cats and rabbits,and we find, employing equivalent 
doses, that we frequently get a fall of pressure as great as or comparable 
to that figured by Halliburton for pathological blood‘. We are not 
in @ position to state that extracts from pathological blood do not give a 
greater fall than normal blood, but we deduce from our experiments that 
since normal blood will yield an extract which lowers the blood-pressure, 
this fact applied to pathological human blood has no particular signi- 
ficance. 


1 Halliburton. Croonian lectures, 1901. 
2 Halliburton. Loe. cit. p. 50. 
-# See also Mott, Archives of Neurology, 1. p. 858. 1908. 
* So far we have been unable to obtain any fall of blood pressure by injecting extracts 
from the blood of an animal into an animal of the same species, ¢.g. cat’s blood into cat 
or rabbit's blood into rabbit, 
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The densimetric estimation of the pulmonary absorption of 
ether vapour. By A. D. WALLER. 


The densimetric of the percentage of (chloroform 
and of) ether vapour of an anwsthetic mixture was demonstrated at the 
last meeting of the Society and on several subsequent occasions. To 
everyone who has witnessed the method as applied in the laboratory it 
has appeared obviously simple, convenient, and accurate. 

Its application to expired air seems at first sight to be of more 
dubious value and practicability, owing to the fact that in expired air we 
have to do with products other than the single gas under observation— 
viz. with CO, and with HO. 

This complication is however less serious than might have been 
anticipated ; the error from this source can be, if not completely 
eliminated, greatly reduced. | 

Expired air, at 37° to 88°, contains between 6°/, and 7°/, of water 
vapour, and about 4°/, of CO,. 

Room air at 15° to 20° contains between 1°/, and 2°/, of water vapour 


_ and, as regards the present purpose, a negligible amount of CO,. 


” 9. Co, 1:97 


6 to 8 litres expired per minute would give 360 to 480 c.c. water 
vapour, weighing ‘292 to ‘389 grm.,and the condensation of any con- 
siderable fraction of this vapour would of course completely invalidate 
a densimeter reading. 

5°/, of water vapour as vapour in a 250 c.c. densimeter = 12°5 c.c., 

and would cause a decrement = 6 mgrm. | 
4°/, of CO, in a 250 cc. densimeter = 10 cc.,and would cause an 
increment of 6°8 mgrm., while 1 °/, of CHCl, or 2°/, of Et,O would give 
an increment of 10 mgrm. - From which it is evident that, if we prevent 
all condensation of water during observation, the increment of weight 


A litre of air weighs 1°29 grams 
=048 -| =068 


difference difference 


_ of a 250 cc. bulb contaming expired air plus anesthetic vapour’ will 
_ afford a reasonably close indication of the percentage of the latter, the 


decrement by water vapour being practically balanced by the increment 
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by CO,; in the case of a 250 cc, bulb the units per cent. for chloroform 
will be indicated by centigrammes, and for ether by half-centi- 
grammes. 
If the expired air reached a densimeter in its saturated state at 37° 
the decrement by water vapour would practically be ‘balanced by the 
increment of CO,, but if the expired air loses water on the way (in the 
cool tubes, &.) then we shall get only the CO, increment, which as we 
have seen above at 4°/, CO, in a 250 cc. bulb should be 6:8 mgrms. 
In an experiment ad hoc the water being trapped by condensation the 
increment was found to be 5°8 mgrms. ; 

If we could be certain of water-saturation in the expiration bulb the ~ 
CO, increment of weight would be practically compensated, but since as 
a matter of fact by reason of condensation in the cooled tubes there is 
great undersaturation in the warm densimeter bulb, it is preferable to 
stop water vapour from reaching the densimeter by a condensing bulb 
behind it, in such case we have to correct for the undiminished CO, in- 

crement of weight. The CO, in expired air may be taken as being 
4 about 3°/,; I have therefore taken 5 mgrms. as the correction to be 
‘ made in the weight of the expiration bulb. _ 

The condensation of water vapour is easily prevented by raising the 
temperature of the bulb to between 40° and 50° during the passage of 
expired air by means of a metal box and small lamp. 

It is therefore perfectly feasible by means of densimetric readings 
to arrive at an estimate of the total amount of chloroform or ether 
vapour absorbed through the pulmonary surface in the production of 
anesthesia. 

The two densimeter bulbs I and E are attached to the two ends of 
a Chauveau’s valve through which the animal (or man) breathes. The 
volume of air used is ascertained by gasometer. The percentage of 
apesthetic inspired and expired is read by the balance. 

We have to bear in mind that by reason of the “dead space ” (shisd- 
licher Raum) of the air passages the percentage of CHCl, or Et,O 
expired is necessarily higher than as actually discharged ‘from the 
pulmonary blood. The attempt however to distinguish between anss- 
thetic given off by the pulmonary blood and anesthetic returned at once 
in the nasal, tracheal, bronchial, at‘d even alveolar air is quite bootless. 
We must be content from income and output for a given period to con- 
clude how much has been retained in the body during that period. 
The only case where we can study the actual discharge from the 
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pulmonary blood is in the post-anmsthetic stage of recovery, when no | 
more anesthetic 1 is being inspired. 


Exp. 1. A. D. W. 6000 ce. of air and ether taken in by 8 respira 
tions in} minute, 


Insp. Exp. Insp. Exp. Retained 
0-036 0-014 72°), 18°, 
of liquid ether) 
Exp. 2, J. M. H. 5000 «0. in 6 respirations in minute 
00386 0011 1:20°/, 
5 
386 cc. 60 c.c. 326 c.c, (=e 1°42 
of liquid ether) 


i.e. during the half minute upwards of 1 c.c. of ether was absorbed and 
retained. The absorption is rather less i the Ist case (depth of inspi- 
ration = 625 c.c.) than in the second case (depth = 833 ¢.c.) evidently by 
reason of the relatively greater effect of dead space in the former case. 


Exp. 3. J. M. H. took into his lungs 5000 ¢.c. of air and ether at 5-2 °/, 
of the latter, so as to absorb at least 1 ¢.c. of ether (= 230 ¢.c. vapour). Two 
minutes later a densimeter sample of expired air gave an increment of 
5 mgrms., i.e. precisely the figure adopted above as the correction for CO,, 
i.e. the expired air contained no appreciable quantity of ether. 


Similar observations can be carried out on animals, e.9.— 


Exp. 4. Dog, weighing 9-7 kilos, chloroformed in the usual way, then 
tracheotomised and connected with a Chauveau’s valve, ether bottle and 
spirometer, Percentage of ether in the air of inspiration and of expiration 
- taken by two densimeter bulbs as previously described. | 
A first weighing of the two bulbs was taken at the outset to the following — 
effect (temp. = 19°). 
Respiration at 40 per min. with a total-intake of 4000 ¢.c. air and ether 


mixture per min. 


Inspiration Expiration absorbed in 
r 
densimeter ‘densimeter 1 minute 


+ 0°042 grm, + 0:024 grm. (0°005 for CO,) 184 c.c. 
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A second duller observation taken half-an-hour later, the animal 
having meanwhile been kept in ether anmwsthesia, was made two minutes — 
the cessation of etherisation with the vee result. 


Inspiration Expiration 

(at end of 40th (at end of 42nd minute) 
+ 0°054 + 0°009 (—0°005 for CO,) 
= 108°, 


i.e. the amount of ether vapour present in expired air two ininutes after the 
cessation of etherisation at over 10 °/, was below 1 °/,. 


Exp. 5. Dog of 8°6 kilos etherised. At the end of the 2nd hour of 
anssthesia chloroform was substituted, an interval of 5 minutes’ being 
allowed for ether dissipation. The volume of air breathed per minute was 
4°6 litres, The densimetric values were : | 


of insp. = 5°7 
of exp. = 3°6 


Diff. = 2°1°/, (= 96°6 c.c. of chloroform vapour, or nearly 4 gramme, 
retained per minute in the 4°6 litres). 


Etherisation resumed. At the end of the 4th hour it was decided to kill . 
the animal by chloroform at above 5°/,, The densimetric value of the chloro- 
form administered was (at the end of the second minute of administration) 

Insp. Exp. 4:3°/, 
Respiration ceased at the end of the third minute, the heart’s beat at the end 
of the 9th minute. The total volume of air breathed in the 3 minutes was 
12 litres ; so that the total amount of chloroform retained by the animal and 
causing its death, was 240 c.c. of chloroform vapour, or 1-2 grammes, 


CONCLUSIONS. 


The results of these experiments show :— 
1, That the percentage of an anesthetic mixture inspired is 

conveniently determined by simple densimetry. 

2. That with suitable precautions a similar estimate can be made 
in expired:air with satisfactory approximation to a true value, permitting 

3. An estimate of the actual amount of the anesthetic retained in 
the body with respiration of given volume for a given period; and, 
_ 4 An estimate of the rapidity with which the anzsthetic is 
exhaled after its administration has been suspended. 
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i On the results of extirpation of the thymus glands. ‘By SWALE 
Vincent. (Preliminary communication.) — 


(From the Physiological Laboratory, University of Edinburgh.) 


| 
| 
| 


Frogs and guinea-pigs have been employed for these experiments. — 
In the case of frogs, extirpation of both thymus glands does not 
necessarily end fatally. Some of the animals experimented upon have 
survived as long as 36 days and have either been killed at the end of 
this time or have died of some cause independent of the operation. 
Abelous and Billard’ always found that removal of both thymus 
glands in the frog, resulted fatally in 3—14 days, but it was pointed 
out by Ver Eecke* that this did not occur if precautions against 
infection were taken by regularly renewing the water in the frog tanks. 
The latter investigator was of opinion that removal of the thymus 
lowered the resistance of the frog to septic influences, and that this 
accounted for the fatality in the experiments of Abelous and Billard. 
In guinea-pigs so far as my experiments go, the removal of the 
organs does not affect the animal in any way whatever. Litters of 
guinea-pigs of ages varying from 10 days to a month have been 
procured and while some of the litter have been submitted to operation, 
_others have been kept as controls. The young guinea-pigs appear 
perfectly well an hour after the operation and no symptoms of any 
_ kind supervene. They grow at the same rate as the controls and ne 
| sign of changes in the blood have been detected. 

So far as I am aware there are only two previous accounts of the 
effects of the removal of the thymus from mammals. Friedleben’s* 
work I have not been able to consult. Tarulli and Lo Monaco‘ found 
that in dogs the thymus is not an indispensable organ. Only in very 
young animals had extirpation any results: there were disturbances of 
nutrition, diminution of muscular power, diminution of red blood cor- 
puscles and of hemoglobin etc. These disturbances were only of short 
duration and disappeared when the dogs grew older. 


1 sochivee de Physiol, Teme van. 1896, 

2 Travail du laboratoire de Physiol. de Gand, 1899; Ann. de la Soc. de méd, de 
Gand, 1899. | 

3 Die Physiol. der Thymus-driise, etc. 1858, Frankfurt a M. 

* Bull. acad, med. di Roma xxu1t. (1897. 6/8. p, 31). Congrés internat. de méd. % Rome. 
1894, | 
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On the physiological effects of extracts of thymus. a SWALE 
ViNncENT. (Preliminary Communication.) 


Grom the Physiological Laboratory, University of Edinburgh) 


Extracts of fresh calf thymus have been prepared by boiling with 
‘9°/, normal saline solution, and tested physiologically by subcutaneous 
and intravenous injection. 

Subcutaneous injection in frogs, rats, and mice sila very little 
effect, in fact one observes the slight excitant or stimulant effect which 
can be induced by the administration of any animal substance. 
Abelous and Billard’, working with frogs, obtained as the result of 
subcutaneous injection of thymus extracts very marked effects— 
resembling those of strychnine poisoning*. 

For intravenous injection saline decoctions, stichalis extracts of 
dried saline decoctions, ether extracts of alcoholic extracts, (the two 
latter being of course injected in saline solution,) have been employed. 
It is found that ether cannot extract a depressor substance from the 
fresh moist thymus. But if either the dried saline decoction or a dried 
alcoholic extract of this be treated with ether, a small amount of 
substance goes into solution; and on evaporating off the ether, and 
taking up in normal saline, is found to produce decided depressor effects*. 
All these modes of extraction, then, yield a substance which when 
injected into the veins of ‘a living animal, produces a depressor effect. 

The depressor effects are obtained after the administration of full 
doses of atropine, and after section of both vagi; but after both these 
proceedings, the effect is often considerably reduced, especially if the 
blood pressure has been much lowered. The effects upon particular 
vascular areas do not call for detailed description. As arule the vessels. 
of both limb and intestine are dilated, but occasionally one or other of 
these shows a fall'of the recording lever indicating a passive constriction. ~ 

It appears then that there is no evidence of any specific action of 


1 Archives de Physiol. Série 5, Tome vin. p. 905, 1896. : 
2 These observers, however, prepared their extracts without boiling. 
3 These results, it will be noted, correspond closely with those obtained by Osborne 


and Vincent (Journ. of Phys. xxv. 1900) and Vincent and Sheen (Journ. of Phys. 
xxix. 1903). 
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these extracts. They are comparable in all respects with those 
obtained by the injection of extracts of almost any tissue in the body. 
Whether the depressor substances are identical in the siEree tissues 
cannot yet be affirmed. 

Svehla! states that the thymus of the human embryo does not 
contain the depressor substance, and considers that the presence of a 
depressor ‘material in the thymus of the child at a later date is evidence 
of an “internal secretion.” But he appears to have been unaware that 
extracts of nervous, glandular, muscular, and other tissues all produce a 
fall of blood-pressure. 


1 Archiv f. exper. Path. xuim. 5/6, 8, 321. 
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Temperature variation in nocturnal and other birds. By 
J. J. GALBRAITH and SUTHERLAND SIMPSON. | 


(From the Physiological Laboratory, University of Edinburgh.) 


Having established the fact that the temperature curve in monkeys 
is dependent on the alternation of cycles of activity and rest, it is of 
interest to investigate the conditions which obtain in nocturnal forms. 
The animal, or bird, must obviously be living under natural conditions 
and not domesticated. The most readily available was the owl (Striz 
Flammea). Its temperature was found to exhibit a wave the inverse of — 
that found in other birds; the maximum being recorded during the 
night, the minimum during the day, #.¢, during the period of rest. For 
purposes of comparison the temperature variation of the following birds 
was at the same time recorded: the thrush, 7urdus Merula; the sea- 
gull, Larus Communis; the pigeon, Columba Livida ; and three domes- 
ticated varieties of the duck (Anas) and fowl] (Gallus). A daily tem- 
perature wave was found in all ‘the species investigated. That of the 
thrush showed the greatest amplitude—from 38°C. at midnight to 43°1°C. 
at noon of the same day. It was noted that the smaller the bird the 
greater was the diurnal variation, and that the mean temperature of the 
female was, as a rule, higher than that of the male. It was found 
impossible to keep owls for more than a week in captivity so that the 
observations were interrupted but of sufficient duration to show that the 
curve is always inverted. The birds were allowed to fly about in a 
courtyard closed above with netting so as to make the external condi- 
tions approximate as closely as possible to the normal. 
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Conditions influencing the diurnal wave in the temperature 
of the monkey. By J. J. GALBRAITH and SUTHERLAND SIMPsoN. 


(From the Physiological Laboratory, University of Edinburgh.) 


The diurnal temperature variation in the monkey was found by . 
isolated observations to be considerable. We therefore resolved to make 
an extended series with the view of investigating the character and 
amplitude of the normal wave, and of ascertaining the factors which 
determine its occurrence. The six monkeys on which the observations 
were made were allowed to roam about freely in a large room which was 
airy and well lighted and the temperature of which ranged between 19° C. 
and 23°C. They were perfectly tame and did not struggle or require to 


be chased. Readings were taken every two hours night and day 


continuously. Kew-certificated, one-half minute clinical thermometers 
were used, and were held in position two minutes. The axilla was 
selected in preference to the rectum because it disturbed the animal 
much less, and as has been noted in a previous communication by one of 
us}, the axillary temperature in the monkey is as a rule higher than tke 
rectal and therefore a closer approximation to the internal temperature. 
As the extent of the variation suggested tuberculosis, the monkeys 
were tested with Koch’s “Old tuberculin” and gave no reaction. Post- 
mortem examination showed no trace of tuberculous disease except in 


one, whose temperature curve exhibited peculiarities sufficient of them- 
selves to differentiate it from the normal, 


Period I—March 31st to April 11th inclusive. During this time the 
monkeys were kept under ordinary conditions. They were regularly fed 
at 6 p.m. and 9 am. Fig. 1 shows a typical section of the normal 
curve. The figures at the top indicate hours, those between the 
segments of the chart, days of the month; the shaded bands indicate 
the periods of rest—9 p.m. to 9 a.m., and the white bands the periods of | 
activity—9 a.m. to 9 p.m., the two together making the day of 24 hours. 
The lower segment shows the room temperature curve, the shaded bands 


representing the natural night. (The lower segment is similar in all 


the figures.) The six curves above indicate in various shades of black 
the temperature variations in the six monkeys. The average amplitude 
is about 25°C. The rise always occurs during the period of activity, 
the fall during the pertod of rest. The wave was found to be indepen- 
dent of the room temperature in this as in the subsequent periods. 


_ 1 Proc. Phys. Soc. July 5th, 1902. 
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Period IT.—April 12th to 20th. The monkeys were kept in darkness 
during the day and in artificial (electric) light during the night, and 
they were now fed at 6 a.m. and 9 p.m.; their periods of activity and 
rest were thus reversed. This was done with the view of ascertaining 
how far the curve was influenced by the so-called ‘ hereditary disposition.’ 
The result was a complete reversal of the wave within 24 hours of the 
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change in the periods. It gradually became more regular in form but 
the unavoidable noise in the laboratory during the day probably 
prevented the curve from attaining the perfection and regularity which 
characterised it during Period I. The mean temperature was lower than 
that of the normal period—37°8° C. and 381°C. respectively. This may be 
accounted for by the fact that the only light available was artificial. In 
fig. 2 the shaded band—9 a.m. to 9 p:m.—corresponds with the natural 
day in the lower segment. The rise occurs during the period of activity 
(night).and the fall during the period of rest (day). The curve of the 
tubercular monkey now leaves the others, but this forms the subject of 
another communication (J. J. G.). 

Period IIT.—April 20th to 26th. The periods of rest and activity 
were again changed, the room being darkened from 3am.to3p.m. A 
corresponding modification of the wave followed, though less rapidly than 
in Perio? II. Here again the fall corresponded to rest and the curve 


_ showed no relation either to the room temperature or to the natural ‘day 


and night. 

Period IV.—April 26th to May 2nd. In order to investigate the 
relation of light to the occurrence of the diurnal wave the monkeys — 
were kept in total darkness for a week. Fig. 4 shows that the wave, 
considerably modified, persists for some days and then totally disappears. 
The mean temperature during this period was reduced to 37:7° C. 

Period V.i—May 2nd to May 8th. The animals were now kept 
continuously in the light—sunlight during the day and artificial light 
during the night. There was no regular diurnal wave. The secondary 
or accidental waves were exaggerated, and it was observed that towards © 
the end of this period the animals became exceedingly irritable, The 
mean temperature was 381°C.—the same as that of the normal | 
period. 

The effects of alimentation on the temperature were also studied but 
full details of this part of the research will be given later. 


: Physiological factors which govern the temperature range 
in tuberculosis. By J. J. GALBRAITH. 


(From the Physiological Laboratory, University of Edinburgh.) 
It has been shown in the previous communicativn (G. and 8.) that 


_ the temperature control in monkeys is less perfect than in man. This 


deficiency manifests: itself in the form of an increased diurnal variation | 
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a a greater liability to disturbance of the form of the wave by varia- 
tions in the external conditions, producing either a modification of the 
form of the wave, or its complete reversal, according to the degree to 
which the determining factors are altered. Somewhat similar features 
are known clinically to characterise the behaviour of the body tempera- 
ture of man in Tuberculosis. Further, the temperature wave in the 
normal monkey closely corresponds in form with that found in simple 
Tuberculosis in the human subject, when there is no complicating 
toxemia produced by organisms other than the Tubercle Bacillus. It 
is important therefore to: study the behaviour of the wave in the tuber- 
cular monkey, with the view of ascertaining whether the temperature 
swing in human Tuberculosis is not capable of a physiological explana- 
tion. 

One of the monkeys selected‘ for the observations on normal 
temperature presented a curve differing from the others in many 
respects, and when examined post-mortem, about a month after the 
conclusion of the experiment, was found to have had extensive old 
standing abdominal tubercular disease, with evidence of recent spread 
and softening. 
| The curve in the earlier stages shows the features which characterise 
the temperature regulation in simple uncomplicated Tuberculosis. 

The curve shows (see fig. in communication p. xxi) :— 

1. An increased amplitude of the wave as compared with the 
average. 

2. The mean daily temperature remains practically unaltered, the 
exaggeration taking place in | the downward as well as in the upward 
direction. 

3. The swing follows exactly, as in the normal animal, the curve of 
metabolic activity. 

_ 4, Reversal, or modification of the direction consequent on reversal, 
of the metabolic phases, the tubercular monkey reacting more rapidly 
than any of the others to the various experimental changes. 

5. Exaggeration of the accidental waves caused by excitement or 
exercise, etc. 

Later, a constant rise takes place, with the exaggerated swing super- 
imposed. It is probably toxic in origin, and coincident with the onset 
of softening and secondary infections. 

- The shape of the diurnal wave differs from the average of the other 
five in the following respects. The normal shows a rapid rise and fall 
- at the beginning and end of the period of activity, with a fairly flat 
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trough and summit, produced by the rapid accommodation of the centres 
to the new conditions of metabolism and heat production. 

The tubercular curve shows a constant gradual rise till the maximum 
activity is attained, followed by a gradual fall. The absence of a period 
of flat well regulated temperature in either trough or summit. These — 
curves are interrupted by an exaggeration of the accidental waves 
which manifest themselves to a slight degree in the normal curve. 

The conclusions to be deduced from the study of the curve (and 
which are strongly supported by clinical evidence and study of the 
tubercular swing in man) are :— 

(a) That the character of the wave in the tubercular monkey 
shows a further exaggeration of the deficient control which characterises 
the normal monkey as compared with man. 

(6) That the swinging temperature of simple Tuberculosis is 
metabolic in origin, as opposed to toxic, and can be explained by 
physiological laws. 

(c) That a constant rise of the mean temperature takes place 
associated with secondary pathological changes. 
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The rapidity of the Nervous Impulse in Tall and Short 
Individuals. By N. H. Atcock. | 


Measurements have been made on (1) Frogs, (2) Men. 

In the experiments of the first series, the gastrocnemius-sciatic 
preparations from 2 frogs of different sizes were arranged so that the 
muscle twitches were simultaneously recorded, the 2 nerves being 
equally cooled and excited alternately from a pair of “far” and “near” 
electrodes. Frogs with sciatic nerves varying in length from 
50—35 mm. were examined. In the second series the method devised 
by Waller’ was employed. The subjects varied in height from 
1684—1930 mm., the available length of nerve being from 290—380 mm. 

In both series the velocity per unit length for tall and short 
individuals was the same. ‘Tall individuals therefore are at a disadvan- 
tage, as in the longer nerves the impulse takes a greater time to travel 
to the periphery. In man this lost time may amount to as much as 
‘002 sec. in the case of the muscles of the hand or foot. 

Boycott* has recently shown that in the frog’s sciatic the number 


~ of nodes of Ranvier is approximately constant, the length of the inter- 


node increasing with the size of the frog. Per unit length, the number. 
of nodes is thus greater in the shorter nerves, and as the velocity of the 
nervous impulse is independent of the length of the nerve, it is there- 
fore independent of the number of the nodes of Ranvier. 


4 Waller, A.D. Practical Physiology, Pt 1. p. 63, 
Boycott, A. E. This Journal, p. 370, 
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The estimation of bile salts in urine. By Orro GrUNBAUM. 

Bile salts occur in urine in such small quantities thaj it is not 
possible to estimate them by isolating and weighing. 

Matthew Hay suggested a method of determining the presence of 
these bodies in aqueous solution, by sprinkling flowers of sulphur upon 
the surface of the fluid; if the powder sink, bile salts are present. 

‘It occurred to me that the diminution in surface tension which is 
_ thus demonstrated might be utilised in estimating the quantity of bile 
salts. 

There are many methods of measuring surface tension, the one which 
I am about to describe possesses a simplicity which recommends it for 
clinical work, but lacks the delicacy of that recently used by What- 
mough’, which however is far too elaborate for use in the wards. 

A pipette of approximately 2 c.c. capacity is fitted with a fine 
hollow silicate needle. Any other kind of needle will do instead, 
provided that it can be rapidly cleaned and its surface is not altered by 
that process. 

Glass, platinum, iridio-platinum and some number of other 
I found useless, and am indebted to Prof. H. J acheon for suggesting 
quartz. 

The pipette is filled and then slowly ag Ar the number of drops 
falling from the needle being counted. 

_ The pipette (A) when filled with normal urine diluted with water 
to a sp. gr. of 1010 gave 123 drops. 

OUrines containing sugar, albumen, and abnormal Pigment when 
diluted to 1010 gave the same result. 

Sodium gycocholate was added to urine in various amounts pe the 
following table resulted. 


Pipette A. Urine. Sp. gr. 1010. Temp. 19°C. 


Percentage of bile salt No. of drops 
‘000 123 
126 
132 
008 140 
144 
“02 154 
04 166 
08 180 
196 
*B 203 


Zeitechrife fiir Physikalische Chemie, xxix, 1902. 
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A curve is then plotted. __ 
_ The technique of estimating bile salts in urine. 
1. Filter urine. | 
2. Dilute to sp. gr. of 1010. 
3. Work at temperature at which pipette has been sheadandionl, 
_ 4, Fill pipette and count number of drops falling from siete not 
more than 90 should fall in 1 minute. 

5. Note on curve the percentage of bile salts corresponding to 
number of drops. 
The sources of error are numerous, but all so small that the result 

is comparatively correct. 
It is my intention to deal with these sources of error when recording 
results of the method applied to pathological investigation. 


4 


On “ Frog-heart-tracings.” By F. M. and H. E. DurHamM. 
| (Demenstration, Cambridge.) 


The following modifications in the means of obtaining tracings from 
frogs’ hearts and the like may be of service to others, inasmuch as :— 


(1) A considerable excursion can be obtained from small frogs or 
(2) Owing to the length of lever the up-and-down strokes approxi- 
mate to a straight line. ; 

(3) The irregularities due to those of the smoked paper may be 
eliminated. 

(4) The tracing point is fine, and not troublesome to << or 
replace, 

(5) Any desired tension may be Y upon the organ from which the 
are made. 


These points are attained by using Brodie’s needle pivot sisalieiiiads 
which, however, may be reduced to its simplest form by suitably bending 
and grooving a piece of brass wire. If this be about 3 mm. in 
diameter, the back support for the butt of the needle may be formed by 
the haft of a steel crowquill pen, which is slipped on to the wire ; in this 
case the eye end of the needle must be cut off. 


1 Journ. Physiology xxvt. 1902, Proc. Phys. Soc. p. 31. 
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To avoid the cutting, two L bends are made in the vertical limb and 


an ordinary steel pen-nib is soldered on (reference to Brodie’s figure will 


make clear how the clearance for the flattened eye portion of the needle 
is effected). 

Instead of using ordinary straws we ‘ecaploy the haulms of sosiiadite 
grasses. These are much lighter and also less rigid than ordinary 
straws; since they taper any desired rigidity or springiness may be 
chosen. These grass straws may be obtained two or more feet in length. 


- A sufficient degree of springiness affords a means of minimising 


irregularities in the smoked: surface (e.g. the join) and can be associated 
with a sufficient. degree of rigidity. Actually the best species of grass 


to use has not been determined ; there is a great variety in weight and 


rigidity among the common grasses. 

Following Brodie, we simply transfix the straw with the pivot 
needle; with care one may last for months in use without sealing wax. 
We have also tried pressing the straw into a groove in a fragment 
of pith and transfixing all with the needle; this gives a very firm 
support, and might be good for class purposes. The writing point is 


- simply a number 20 ——- pin which transfixes the straw 


obliquely. 

The heart is attached by means of a silk loop carrying a hook ails 
of a No, 20 entomological pin. This silk is attached to the lower side of 
a small seale-pan of aluminium wire, of known weight, which again at 
its upper end has a loop to slip on to the straw. Thus any desired 


- counterpoise may be added to overcome the leverage and by marking the 


spot crossed by the loop on the straw the amount of tension effected 
may be estimated by adding weights to the scale-pan, when the heart is 
undone. For class purposes perhaps a “fish” of sheet aluminium about 
+ grm. weight would be best, for our own purposes we have discarded 
this for the scale-pan. 

Straws such as these may be adapted to the crank plan, by bending 
a portion and retaining it by a piece of silk and a trace of sealing wax 
at the bend and at the attachment of the silk (the needle cae as 


before). 


It would seem that a tension ‘of about 300 mgrms. or more is 
requisite for frogs’ hearts. | 


In dealing with the timemarker, for which we also use a no. 20 pin 
as style, a somewhat elastic rod has advantages of accommodation to 
irregularities of surface over the ordinary rigid rod. To obtain this we 
employ the midribs of the tail coverts of the partridge. We propose to — 
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use the midribs of the tail feathers of the pheasant when longer levers 
are needed (as for muscle curves). Such midribs are very rigid in one 
direction and yet also are flexible in the other; the er must 
select the useful part himself. 


- Some observations upon the test for choline in human blood. 
(Abstract.) By R. W. ALLEN and HERBERT FRENCH. (Communicated 
by M. 8. PEMBREY.) 


From the Physiological Laboratory, Guy's Hospital. 


Professor Halliburton and Dr Mott have published extensive 
researches on the chemistry of nerve degeneration in the. Croonian 
Lectures of 1900 and 1901, and in the Philosophical Transactions of the 
Royal Society 1899 and 1901, and have devised a test for choline in the 
blood. The details of this test will be found in an article by Dr Mott 
in the Archives of Neurology, vol. 11. p. 859. The principle of it is to 
extract.the blood four times in succession with absolute alcohol, to obtain 


_ the choline free from potassium, to precipitate the choline as choline 


platinochloride, and to crystallise the latter from 15 °/, alcoholic solution. 
_ The crystals are yellow octahedra, and are readily seen under the low 
power of the microscope. 

In the original description of the test the choline platinochloride 
was washed by decantation in absolute alcohol, before redissolving in 
_ 15°), spirit and erystallising; a slight modification of the method .of 
_ washing has since been introduced, namely to evaporate the absolute 
alcohol from the precipitated choline platinochloride at 40° C., to wash 
the dried residue with absolute alcohol, to redissolve the choline 
platinochloride in 15°/, spirit, and to allow the latter to crystallise 
spontaneously. This process, exact details of which will be given in a, 
subsequent paper, has been employed throughout the present series of 
experiments ; and the quantisy of blood. used has been 60 minims, or 
about 4 c.c. 3 

Dr Mott states that the yellow cadena’ crystals are obtainable 
from 5 ¢.c., or less, of blood from persons in whom active nerve tissue 
destruction is taking place; whereas “using 10 c.c. of normal human 
blood the results are practically negative, although frequently a few 
small octahedra may be found on careful examination.” Wishing to 
investigate the value of this test from the clinical point of view, we 
succeeded in obtaining yellow octahedral crystals from a series of 
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patients suffering from various nerve disorders. On the other hand, we 
also succeeded in getting similar crystals from 4 c.c. of our own blood, 
and from that of two apparently healthy students. This did not agree 
with Dr Mott’s statement, so we proceeded to investigate the test 
further. Pure choline carried through Mott and Halliburton’s process 
gave the crystals readily, but there may be other substances in the 
blood which do the same, The platinochlorides of the following 
inorganic constituents of normal blood are yellow octahedra—K, Na, 
NH,, Ca, Mg, Fe. We took the chloride of each separately and carried 
it through the process. The solubilities in absolute alcohol of the double 
platinochlorides are such that those of Fe, Mg, Ca, and Na, did not 
remain in the final residue, but we found yellow octahedra with both K 
and NH,. Therefore we conclude that, although choline may be 
present in the blood of patients suffering from nerve disorders, this is 
not proved by obtaining octahedral crystals from their blood; such 
crystals, in Mott and Halliburton’s process, may be the double platino- 
chloride of at least three different substances, namely potassium, 
ammonium, or choline. Swale Vincent has recently stated that he 
believes them to be in great part the ammonio-platinochloride. Some 
may be; some may be due to the choline salt; but the following 
experiments seem to prove that many of the crystals are due to neither 

of these. We took blood, both normal and from patients with nerve 
disorders, and carried it through the process as far as the fourth 
extraction with absolute alcohol. We incinerated the dried extract in 
a porcelain crucible, using the blowpipe; and then continued the 
process. Yellow octahedral crystals were still obtained, possibly fewer 
than before, but still plentiful. Blowpipe incineration must have 
destroyed the.choline and ammonium, so that these crystals were, we 
suggest, those of potassium platinochloride. 

: Without some modification, therefore, of Mott and Halliburton’s 
process such as will ensure the previous elimination of both the 
ammonium and the potassium, these yellow octahedra do not prove the 
presence of choline in the blood. That choline may be present is 
possible, but the process does not prove it, and therefore it lacks value 
as a clinical test. We bring these results before the Physiological 
Society in order that their discussion may suggest further experiments, 
and possibly some modification of the test which may give it an 
place in medicine. 
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_ Auricular and ventricular tracings from frogs’ hearts. Br 
FLORENCE M. DuRHAM (introduced by H. E. DurHam). 


_ Since the auricular beat does not always appear distinct in the 
ordinary trace from suspended hearts, separate ventricular and auricular 
records were taken by duplicating the arrangement described in the 
foregoing note. 

‘Two grass straws having been transfixed by their seaiiti sail pins 
equidistantly, their leverage is estimated and the heavier preferably 
_ attached to the ventricle. First the auricle is hooked through a fold of 
its ventral surface, not too close to the auriculo-ventricular junction. 
Then the ventricle is hooked on its dorsal aspect slightly away from the 
apex. One or both of the connecting silks is threaded on a small piece 
_ of cork, after the manner of a tent guy rope, whereby adjustment ny 
be made: without disturbing the rest of the arrangement. | 


Next the frenum is seized by a pair of clamp forceps close to the 
heart (e.g. a pair of sharpish pointed Spencer Wells’); these forceps are 
then suitably fixed and the final adjustments of the styles carried out. 

The scheme can be so arranged as practically to eliminate the auricular 
beat from the ventricular trace and vice versd; even without careful 
adjustment, the differential effects of drugs etc. are plain, though there 
be a slight effect of auricle on ventricle and vice versd. 

Illustrative tracings were shewn at the meeting. 
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The Electrical signs of secreto-motor effects produced in the 
pad of the cat’s foot post mortem by excitation of the sciatic 


“nerve. By A. D. 


As shown last year’ the etnotatinticn of the electrical effects pro- 
duced in the skin by excitation of the sciatic nerve, first given by 
Hermann and Luchsinger* in 1878, is most conveniently repeated and 
extended by observations made on a recently decapitated or pithed cat 
during the second half hour post mortem 1.¢. when indirect muscular 
contractions are no longer provoked. 

The demonstration is the simplest, most certain, and most convincing 
experiment in electro-physiology ; there is no muscular movement and 
shifting of electrodes, the lost time of the reaction is so great—1 to 2 


seconds as a rule to single induction shocks—and the length of available 


nerve is such, that all suspicion of current-escape is absent. And finally 
—for the sake of those to whom an electrical effect is more convincing _ 
when non-electrical than when electrical stimulation is used—the 
electrical response of the skin is easily demonstrated in response to 


_ mechanical excitation of the sciatic nerve. 


The response is best studied by means of photographic records of the 
galvanometer or of the electrometer. By such records we may sub- 
stantially reproduce on another scale of time the chief classical elements 
of an ordinary muscular response—+.e. the latency and course of a single 
response, the superposition of two responses, the tetanic fusion of a rapid 
series of responses, the phenomena of summation of stimuli, of ee 
and and the staircase phenomenon. 


Fig. 1. Cat’s pad. 50 minutes post mortem. Single response (ingoing) to excitation of 
the sciatic nerve by a single induction shock. 


1 Waller. Lectures on the Signs of Life, p. 97. 
? Hermann and Luchsinger. Pfliiger’s Archiv, Vol. xv. p. 810. 1878. 
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40 35 39. 20 15 10 5 secs.0 


Fig. 2. Cat's pad. 35 minutes pdst mortem. Four successive responses to four instan- 
taneous make-break induction shocks, at intervals of approximately 5 seconds. 


secs.Q (0 


Fig. 38. Exp. 7. Cat’s pad, 30 to 65 minutes post mortem. Five single responses to 

excitation of the sciatic nerve by instantaneous make-break induction shocks at 

_ intervals of approximately 10 minutes. The dotted line shows the curve given by 
1/100 volt through the preparation and electrometer. 


The magnitude of response diminishes with time that ra ged 
after death, and the period of latency increases. | 


E.g. Exp. 7. Excitation by single shock : 


Coil at 10,000. 80 mins, 1-4 seo. 00123 volt 
40 ,, 1% ,, 00100 ,, 
48 ,, 17 00080 ,,. 
65, 18 ,, 00048 ,, 
65 2 0°0018 


The magnitude of response augments with the magnitude of stimu- 
lation. 
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E.g. Excitation by single shocks : 


mins. p.m. 60 mins. p.m, 

Coil at 1000 nil nil 
2000 0°0015 volt 00004 volt 
3000 0°0085— ,, 00015 ,, 
4000 00066. ,, 00020 
5000 00125 ,, 

10000 © Off seale 0-0090 


There is a well-marked summation of stimuli. 


Exp. 93 Exp. 89 
Re. Response to 1 shock + 00087 volt 0°0030 voit 
2 shocks... 00100 ,, 00088 
3 shocks .., 0°0130 ,, 00110 ,, 
4 shocks 00110 ,, 
(the being about sec.) 
E.g. Exp. 90. 5 slow stimuli 
| at eco: Intervals Tesponse = 0-0086 volt 
5 rapid stimuli | 
at jy sec. intervals 


The response is increased or diminished by tetanisation of the nerve 
according as the tetanisation has been weak or strong, brief or prolonged. 


to sing chock Weak tetanisation 
Before 30 After 
E.g. Exp.106. 0-014 0:033 0-018 
maintained) 
_ Before for 60 secs. After 
Exp. 107. 0-018 0030 0-007 
(felling) 


The response of the pad to excitation of the sciatic nerve is com- 
pletely abolished by atropine. 
response is restricted to the of the it is 
absent from the hairy skin. 
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On Mammalian non-medullated nerve. By N. H. Atcock. 


Employing a similar method to that used for medullated nerve’, it 
is not difficult to isolate a sufficient length of non-medullated nerve 
(splenic of horse) to examine either by Waller's galvanographic method? 
or the capillary electrometer. 

With the galvanometer, certain differences are at once perceived 
between the two classes of nerves. Both current of injury and negative 
variation are of considerably higher voltage in the non-medullated 
nerves’, and successive negative variations, instead of being of ap- 
proximately equal magnitude, show a progressive diminution. 

The mean results are : 


Initial Final Duration of | b 
Nerve (millivolts) (=a) var. (2) 
Median 222 220 


The figures for the medullated nerves are from control experiments: under identical 

This progressive diminution is due to changes occurring at the 
excited. spot, for on stimulating the same nerve first at a pair of 
“far” electrodes, and then at a pair of “near,” the result of the 
second excitation is a negative variation of nearly the original amount, 


1 Proc. Roy. Soc. Lxxt. p. 264. 
? Waller. Croonian Lecture. Phil. Trans. B. 1897. 
$ As in the non-medullated nerves of cold-blooded animals. 
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For instance, | 
Exp. 721, “Far” “Near” 
Neg, var. Var. 
1°60 52 1°22 “184 17 


The electrotonic in mammalian nerve are 
so small that they are difficult to measure, even with the very sensitive 
instruments used, and it appears probable that this is connected with 
the changes in the negative variation, as the exciting current being 
more confined to the exact spot has a greater current a and 
therefore a more intense local effect. 


Estimation of carbon dioxide by densimetry. By A. D. 
WALLER and B. J. CoLLInGwoop. 


The object of the following observations was to test the reliability of 
the densimetric method for estimating the percentage of chloroform or 
ether vapour in air, by applying that method to a gas that could be 
easily estimated by a different method. 

There were two facts which pointed to carbon dioxide as the most 
suitable gas. 

(1) It can readily be estimated volumetrically by KOH absorption. 

(2) The difference of density between carbon dioxide and air is 
considerably smaller than in the case of either chloroform or ether. 

Thus if the method is valid for carbon dioxide, it is a fortiori valid 
for chloroform or ether. 

Below are given the differences in weight per litre between these | 
three substances. and air at 0° and 760 mm. Hg. 


‘Catton dioxide ... 0670 grms. 
Ether i... 
Chloroform... ... 4036 


The volume which should be given to a densimeter bulb in order 
that increments of weight of a centigramme shall at ordinary temperature 


_ and pressure (18° C. and 760 mm.) indicate units per cent. of CO, in 


replacement of air is about 1500c.c. A bulb of such a volume would 
be too large to be convenient, and since there was no intention of 
elaborating a densimetric method for estimating carbon dioxide, special 
bulbs were not made for this purpose, but those already in use for 
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chloroform and ether vapours were called into service, and a short table 
drawn up for the conversion of weight into percentage, thus avoiding 
the constant necessity of calculation. 

In the case of expired air the CO, takes the place of oxygen and 
some oxygen is replaced by nitrogen, so that for accurate estimations 
the quotient CO, + /O,— has to be taken into account. 

With a quotient = 0°8, each o.c. of CO, per 100 c.c. of expired air 
signifies a loss of approximately 1°25 c.c. of oxygen and a gain of 
approximately 0°25 c.c. of nitrogen. 7 

Taking these figures, the net difference of weight is: 


1-968 (for CO,) + 0°318 (for N) — 1°784 (for O,) = 0°492 ; 


so that in a densimeter of 250 c.c. capacity 1 per cent. of CO, would be 
represented by an increment of 000123 gramme, as compared with 
000134 = the value of the increment per 1 c.c. CO, if the quotient had 

Below is given a table which contains the results of ten consecutive 
observations calculated on the assumption that the respiratory quotient 
was 0°9, i.e. that 1 per cent. of CO, was represented by an increment of 
00013 gramme in a 250 c.c. densimeter at 0° and 760mm.Hg. (The. 
actual volume of the bulb was 265c.c. to allow for an average room- 
temperature = 18°.) Each result was checked by an estimation of the 
CO, present by absorption in a solution of KOH. In the one instance 
in which any great difference appears it was clear that the error was 
in the KOH apparatus and not in the densimetric observation. 


O, 
1. 0-0069 grm. 58%, 5-4 %, 
2. 00049 ,, 88 
3. 0-0049 3-8 
0°0056 ., 4°3 75 
escape 0 
5. 00057 ,, 4°4 4°7 
6. 0:0048 3-7 39 
7. 00062 ,, 48 50 
00062 48 49 
9. 00057 ,, 4°4 44 
10. 00064 ,, 49 50 
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Estimation of CO, in atmospheric air. 


Increment ti wt. in bulb of COs by densimeter of by KOH 
1 0°0162 grm. 9°5 9°5 
2 00160 ,, 9°4 9°4 
3. O-O158 ,, 9°3 9°4 
4 00138 ,, 


Our principal object, viz. to test the value of the densimetric method 
as applied to the estimation of chloroform and ether, has thus been com- 
pletely fulfilled. We did not at the outset anticipate that the method 
as applied to CO, could afford indications of such small differences as 
to bring the respiratory. quotient into account, and a still closer study of 
these differences is not within the scope of our present inquiry. 

From our present observations we conclude (1) that the densimetric 
method is applicable to the quantitative estimation of CO, (difference 
= 670 mgrms. per litre), and a fortiort (2) that it is applicable to the. 
quantitative estimation of ether (difference = 2012 mgrms.) and of 
chloroform (difference = 4036 mgrms.). 

The following is our formula to convert increment of weight into 
percentage, with correction for temperature and pressure when CO, 
displaces its volume of air: 

log P = 26185 + log M —log V + log T — log H, 
where P is percentage, M increment of weight in milligrammes, 
V capacity of densimeter in cubic centimetres, 7’ absolute temperature, 
H barometric pressure, and 2°6185 a constant. If the gas displaced by 


CO, is oxygen the constant becomes 2°7162, and in the case of expired 
air at a respiratory quotient = 0°8, the constant is 2°7474., 


The following sketch gives the model of densimeter that has been 
found most satisfactory : 


Glass stoppers are used which can be removed and replaced through 
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thin indiarubber bags fitted to the ends of the densimeter. Before 
_ the densimeter is weighed, these bags are slipped off, leaving the 
stoppers in situ. This method was adopted owing to the fact that both — 
cork and indiarubber being hygroscopic, a small + error is introduced 
when these are used, according as moisture is gained or lost. 


Precautions. As stated in a previous communication (Proceedings, 
July 25, 1908) the condensation of water vapour in the bulb to be 
weighed is prevented (1) by enclosing the bulb in a warm chamber (at 
40° to 50° C.), (2) by a condensing bulb on its proximal side. 

The densimeter bulb is stoppered while in the warm chamber and 
weighed at room temperature. One of the stoppers is loosened for. a 
moment before the weight is taken in order to ensure that the original 
volume of gas in the bulb when it was counterpoised is recovered, and 
the calculation is made for the temperature at which the sample was 
taken. 

The error from altered water vapour in the bulb is small, even when 
it is at its greatest; we estimated its value at 0°5 milligramme; it can 
be eliminated by taking the original weight of the bulb with water- 
saturated air, but we prefer to treat it as a constant correction. In the 
estimation of expired CO,, we find a further slight deficit of 0°5 milli- 
gramme, which we attribute to a displacement of oxygen by nitrogen 
(see following NOTE). 


Note on the calculation of the respiratory quotient from 
volumetric data. By A. D. WALLER and B. J. CoLLINGwoop. 


_ In testing the densimetric estimation of CO, in expired air, we at 
first calculated from the difference between the litre-weights of CO, 
and of oxygen = 535, thus assuming that exhaled CO, had replaced an 
equal volume of absorbed O,, 1c. that the CO,/O, quotient of the sample 
was unity. 

But we soon noticed that upon this assumption the CO, percentage 
generally came out a little lower than by a parallel volumetric analysis, 
The observed weight was generally too small, the deficit averaging 
4 mgrm. in a 265 cc. bulb at room temperature circa 18° (after 
addition of the 4 mgrm. as water vapour correction). 

This slight deficit recurred so regularly af to lead us to look for its 
cause and to recognise that by taking 535 as the difference number the 
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CQ,/O, ratio of expired air had not been taken into account. Evidently 
if the exchange is not simply from QO, to CO,, but from O, to CO, plus _ 
some N,,according to the CO,/O, quotient, the difference of weight per 
unit volume of expired CO, must be rather less than 535. We then 

caloalated the reductions necessary for | | 


quotients 1 O8 OF O6 O05 
as being = 535 520 500 476 443 397. 


To do this we found it necessary to come to a clear understanding of 
the precise calculation to be made in passing to the Respiratory 
Quotient from a volumetric analysis of expired air and vice versd. 

_ The expression “ Respiratory Quotient” is used for the first time by 
Pfliiger in 1877 (Archiv, vol. xv. p. 472) to signify the ratio of the 
oxygen excreted in carbon dioxide to the oxygen absorbed by the lungs, 
as exhibited by the results of Colosanti’s experiments made in the 
Bonn laboratory. In these experiments the carbon dioxide plus and 
the oxygen minus were determined volumetrically. In volume Xv. 
_ p. 107 Pfltiger defends the expression against Senator’s criticisms. 

At the present time the phrase “ Respiratory Quotient ” denotes the 
fraction whose numerator is the volume of carbon dioxide evolved in 
respiration and whose denominator is the volume of oxygen absorbed, 
which fraction is merely another expression of Pfliiger’s definition. 

Although the terms of this fraction are perfectly clear, yet a little 
reflection reveals the fact that it is very apt to be miscalculated when 
the data are taken directly from an analysis of expired air. To take a 
definite instance, we will suppose that atmospheric air consists of 20 °/, 
of oxygen and of 80°/, of nitrogen, and that a sample of 100 c.c. of 
expired air contains :— uc | 

Carbon dioxide... ... &%/, 

| From these data one might argue as follows :—4 c.c, of carbon 

dioxide have been evolved and 5 c.c. of oxygen have been absorbed, 
therefore, at first sight, the Respiratory Quotient appears to be 4 or 0°8, 
But this is an inaccurate statement inasmuch as it depends on the 
assumption that the inspired air from which this 100 c.c. was derived 
_ only contained 20 c.c. of oxygen, 1.e. that it was only 100 c.c., whereas in 
point of fact it was more than 100 c.c., for some oxygen has been 

absorbed without any carbon dioxide taking its place. The ~— air, 
therefore, contained more than 20 c.c. of oxygen. Oe 
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The actual facts of the case are ;—There are 81 ce. of nitrogen 


| present, therefore there must have been originally 81 x 4? c.. of air, 


that is 101°25 cc. From this it follows that there must have been 
101-25 x cc. of oxygen present, 20°25 c.c. But as there are only 
15 ec. of oxygen remaining, the total loss of oxygen must have been 
5°25 ec. The true Respiratory Quotient i8 535 or 48, 


approximately 0°76". 
It is obvious that the counterpart mistake has to be avoided in 


calculating from a given Respiratory Quotient the volume of residual 


oxygen per cent. in a given sample of expired air. Assuming as before 
air at 20 oxygen plus 80 nitrogen by volume, and proceeding, e.g. from 
a quotient =.0°8 = ¢ (with 4°/, CO, as before), it is evident that 100 c.c. 
of expired air should not be taken as containing 15 c.c. of oxygen. 
The residue contains (100 + 5 — 4) x 49, — 5 or 15°2 cc, oxygen and 
the deficit = 20 — 15°2 or 48 cc. : 

In the previous communication it was shown that the densimetric 
method is applicable to the quantitative estimation of CO,, where the 
difference per litre as compared with air is only 678 mgrms. ; and further 
that it is applicable to the quantitative estimation of CO, in expired 
air, where the difference as compared with the gas displaced, namely — 
O,, is even smaller. The actual value of this difference varies with the 
value of CO,/O; quotient of the sample of expired air, being smaller as 
the quotient is lower. : 


With the quotient 
= 1-0 the difference number per litre of exhaled CO, is 535 mgrme. 


From which it is evident : 
(1) That for a precise estimation of expired CO, by densimetry it’ is 


necessary to take into account the CO,/O, quotient of the se. of 
expired air, | 


? This method of calculation brings out the same quotient as that derived from the 
formula of Zuntz which gives the correction of 0, volume for shrinkage oo 


residue of nitrogen as the point of departure for the formula 0, vol. = N, vol. x a nar In 
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(2) That the CO,/O, quotient in expired air can be directly 
calculated from the volumetric percentage of CO, and the cenpanerie 
increment of weight. 

To prevent misconception it should be added that we are not now 
proposing a method of experimentally estimating the respiratory 
- quotient without volumetric determination of oxygen, but we have only 
asserted its theoretical possibility, and employed numerical data derived 
from its consideration for a somewhat severe test of the densimetric 
determination of CO, percentages; the latter determination had itself 
previously served us as a somewhat severe test of the densimetric 
determination of ether and chloroform vapours. 

Our consideration of the respiratory quotient in relation to volu- 
metric values is a parenthesis into which we have been led by the 
necessity for properly calculating that quotient in consequence of the 
slight variations we encountered in our densimetric values for CO, of 
which the percentage was determined volumetrically. 
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| Preliminary note on a hitherto undescribed descending 
tract in the posterior columns of the spinal cord. = W. PaGE 
May’. | 


The operation was kindly setsemid on & sie (a male Rhesus) 
by Sir Victor Horsley, and a fine cautery was passed horizontally just 
behind the parallel sulcus direct into the posterior portion of the optic 
thalamus, but the lesion extended, as verified three weeks later, across the _ 
middle line into the right hemisphere for a distance of about } inch. 
The animal recovered well from the anesthetic and operation, but 
exhibited during the three weeks it was allowed to live right hemi- 
anopsia, right hemi-anesthesia, some right-sided hemiplegia. The 
pupils, when tested with Sir Victor Horsley’s apparatus, reacted to 
light, even when the latter was only thrown on one’side of the retina. 

After an interval of three weeks the animal was killed, and the central 
nervous system treated by the Marchi method. 

It was then seen that there are degenerated nerve-fibres extemling 
from the site of the lesion, viz. at the junction of the mid-brain with 
the thalamus, downwards in close contact with the posterior longitudinal 
bundle into the posterior columns of the cervical and dorsal regions of 
the spinal cord, diminishing in number as they pass downwards and 
almost entirely disappearing in the upper portion of the lumbar region 
of the spinal cord. Their exact position in the upper part of the 


1 Since writing the above, I have found a similar degenerated tract in three cases 
(monkeys) in which a lesion had been made at the back part of the optic thalamus, — 
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cervical region is well shown in the photographs. The degenerated tract is 
seen to be mesially placed in both posterior columns, both from side to 
side and from front to back. It is wedge shaped, with the apex 
directed anteriorly, but there are a very few scattered fibres extending 
to the posterior margin of the cord. As the tract is traced downwards 
it is seen to become gradually less, and in the dorsal region flattens 
itself out so as to occupy.less space antero-posteriorly. The tract also 
is less sharply defined and gradually becomes scattered and entirely lost 
in the upper part of the lumbar region. 

Remarks. Since. Bastian in 1867 figured a tract in the 
posterior columns of the cord many similar tracts have been described, 
but it will be seen that all such tracts at present known and accepted — 
have a different position from the one above described. The comma 
tract of Schiiltze in the cervico-dorsal region, the superficial tract of 
Hoche in the dorso-lumbar region, the central oval tract of Flechsig 
in the dorso-lumbar region, the triangular tract of Gombault and | 
Philippe in the sacral region, or as it is named by Bruce the septo- 
- marginal tract or by Obersteiner the dorso-median sacral bundle, each 
occupy another region or position in the cord. The fact that the tract 
I have described above results from a lesion anterior (central) to the 
mid-brain and that the degenerated fibres extend so far caudally as the 
lower dorsal or upper lumbar region, shows it to be a tract chiefly of 
long endogenous fibres, with in part also many shorter endogenous 
fibres. Bearing on this also it is interesting to note that in cases of 
locomotor ataxy figured by Mott and others the area above described 
often escapes sclerosis whilst the fibres all around are degenerate:. 


Some experiments on Biochemical Synthesis, By B. 
SCHRYVER. 


From the Phyaiologioal Department, University College, London.) 


| Chemical reactions can be accomplished tn vitro under very varying 
- conditions; advantage can be taken of wide ranges of temperature and 
pressure, far exceeding those ranges attainable in the animal organism. 
The latter, however, is capable of bringing about certain chemical 
changes, which do not occur normally in vitro at body temperature, by 
virtue of its possessing minute. quantities of various substances, which, 
owing probably:to some form of contact action, induce such chemical 
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changes catalytically. Of this. nature are the substances commonly 


_ known as the ferments. It will be remarked, however, that all the 


changes brought about by this means are of katabolic character, 
producing ¢.g. oxidation, as in the case of the various oxydases, or 
hydrolysis, as in the case of pepsine, trypsine, and other digestive 
ferments. It is known, however, that anabolic changes of comparatively 
simple nature can be induced in the organism, which occur in vitro, 


either at high temperatures or by the use of powerful dehydrating 


agents, or by a combination of both these means. It is only necessary 
to instance here the synthesis of hippuric acid from glycocoll and 
benzoic acid in the kidneys (Bunge and Schmiedeberg). 

The question then arises—lIs it possible to isolate from the organism 
bodies, which, acting catalytically, induce such anabolic reactions ? 

The object of the following research was to obtain a solution to the 
above question. 

The number of bodies known in organic chemistry, wtih are 
capable of catalytically inducing a synthesis is small. One reaction, 
however, is of special interest, viz. that discovered by Knoevenagel in 
1894, and discussed by him in a long series of papers “’. 

Claissen and Komnenos®, modifying the: so-called 


reaction, have shown that aldehydes act on ethylic malonate producing 


a series of condensation products according to the following equations’: 


~R.CHO + = R.OH : + H,0, 
7 COOC,H 


OB (COO), 


\CH(CO00,H,), 


This reaction was induced by the original method of Claissen and 
Komnenos at higher temperatures, and with the use of acetic 
anhydride as a dehydrating agent. It remained for Knoevenagel to 
show that this reaction takes place at a temperature as low as —15°C. in 
the presence of piperidine, pyridine, diethylamiine and other primary 
and secondary bases. The Knoevenagel reaction is also applicable to 
aceto-acetic ether, ¢.g. —a in the presence of piperidine acts as 
follows : 


R.CHO+2H,C (COOC,H,), = R.CH 


0,H,.CHO + CH,.CO.CH,.000C,H, = 0,H,.CH : 


Cooc,H, 
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if the temperature be maintained at — 15°C. If the temperature be 
allowed to rise to + 15°C, the additional condensation takes 


place : | 
C,H,.CH : + OH, .CO.CH, C00G,H, 


\co00,H,. 


The chilies or other catalysor, forms apparently an intermbdiate 
H 
addition product of the form R,CH< OB (where B represents the basic 


radical), and this body, owing to the extended sphere of action - the 
cannes atom, readily enters into reaction with the ester, 


/ou | 
+H. = R.CH :C(COOO0,H,),+ H,O 
Nop \c000,H, 
and the base thus set free is able to react with another aldehyde 
molecule. 

The immediate question for solution then stands in the dices Doce 
any such reaction play any part in the carbohydrate metabolism of the 


organism ? When it is remembered that aceto-acetic acid is secreted 


together with sugar in cases of diabetes mellitus, and also, as Vaughan 
Harley® has shown, when glucose is injected in toxic quantities into 
the circulation, the possibility i is immediately suggested that a reaction 
of the Knoevenagel type is possible in the organism, especially as the 
chemical probability exists that various aldehydes are formed, at any 
rate as intermediate products, by the oxidation of glucose, which should 


be capable of condensing with aceto-acetic acid. A positive solution of — 


the question above propounded might then throw some considerable 
light on the pathogenesis of diabetes mellitus, as it is easily conceivable 


that. an accumulation of aldehydes could readily inhibit various ferment 


actions which should normally take place. The first experiment was 


tried with choline. This is chemically a type of a quaternary am-— 
- monium base, and, as would be expected @ priori, negative results were 


obtained in experiments carried out with this body. 
The next experiments were made with bases prepared from the leak 


and pancreas, as both these — appear to play an — part in. 


sugar metabolism. 
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The method of experiment is described in detail below. . The bases, 
which; as the researches of Kossel and others would lead us to be- 
lieve, are the products of nuclear metabolism, failed in every case to 
bring about a synthesis. On standing with glucose in the incubator, 
no changes were observed in the rotation of polarised light in the 


_ solution. When applied to the Knoevenagel reaction, the results were 


also of a negative character. No condensation could be induced between 
glycocoll and benzoic, or cholalic acid. So far then, no i vitro synthesis 
has succeeded, even of products which are known to be synthesized in 
the organism, in spite of the fact that we are using bodies which belong 


__»¢hemically to a class which has: been mown to act catalytically in 
Indueing synthetical reactions. 


Eaperimental. 1790 grams of ox pancreas were boiled with 4 bizes 


-» of alcohol in an apparatus with reflux condenser for 3—4 hours. The 


alcohol was then pressed out and distilled off on a water-bath under 


sae diminished pressure. The residue contained a certain amount of 
non-volatile bases, which was added to the remaining portions of the 
_ bases obtained in the following way. The coagulated proteid after 


separation from the alcohol was extracted by warming for 10.minuates 


with 4 litres of water containing 0°6 per cent. of acetic acid. The liquid 
__was filtered off and the residue pressed and again extracted with 4 litres 


of dilute acetic acid in-a similar way. The total aqueous extract was 
then slowly evaporated at a low temperature on a water-bath to a bulk 
of about 1} litres. To this was then added the residue from thie alcoholic 
extract,.after the latter had been shaken out two or three ‘times with 
ether to extract the fat, and decolorized with charcoal after dilution, 
A solution was thus obtained, containing all the non-volatile bases 
existing in a free state in the tissue. This liquid ‘was acidified with 
hydrochloric acid, and the bases were precipitated by phosphotungstie 


acid. The precipitates after several washings with water acidified -with 
sulphuric acid, was decomposed by baryta in the usual way, the eXcess 


of baryta precipitated by carbonic acid,;and the aqueous solution of the 


_ bases thus obtained was evaporated to a small bulk on a water-bath in 
vacuo, The concentrated solution was finally evaporated to dryness 


over sulphuric acid in a dessicator. By this means a little more than | 
3 grams of bases were obtained from 1790 grams of gland. : 
The bases .were extracted in a similar way from the pancreas, 
About 18 grams were obtained from 1780. grams of tissue. Both from 
thé liver and pancreas, the bases were obtained as a thick gelatinous 
mass. 5 grams of acetaldehyde with 32 grams of ethylic malonate, to 


A 
« hed 
x 
bb 
ina 
¥ 
4 ‘ 
* 
§ 
4 
pe 
af q 
; 
i 
he 
a 7 “4 
4 
vf) 
‘ 
: 
a 
4 
i 
2 
4 
3 
= 
a 
\ 
‘ 
he 
i 
‘ Be, 
4 


xi viii PROCEEDINGS OF THE PH YS. SOC. JAN. 23, 1904, 
which 1 gram of mixed bases (in one experiment from the pancreas, in 


the other from the liver) was added, were allowed to stand at ordinary 
room temperature for 48 hours. The bases, did not dissolve entirely in — 


the mixture of aldehyde and ester, although they imparted to the same 
a distinctly alkaline reaction. After standing for two days the mixture 
was distilled. The whole liquid came over under the temperature of 
140°C. under 60 mm. pressure, thus proving conclusively that no 
condensation had taken place. 

Another experiment was tried, using only those portions of the 
bases which were soluble in alcohol, as it was thought that the negative 
result might have been due to insufficient solution of bases in the ester 

mixture. Again a negative result was obtained. 

The following mixtures were made, and allowed to stand in corked 


flasks for 24 hours in an incubator : 
(a) 20 grams glucose, 50 c.c. water, 1°5 grams liver bases. 
- (6) 20 grams grams pancreas bases. 


In the case of (a) the rotations, as the mean of several determina- 
tions, were found to be 2°42, both before and after standing in a warm 
chamber. In case (6) the rotations were also found to be unchanged. 
Hence, no polymerisation of the sugar is brought about by means of 
the free bases. 

Finally the following mixtures were eile: 

(c) 61 grams cholalic acid, 1:1 grams glycocoll, 40 c.c. water, 15 
grams liver bases. 
(d) grams benzoic acid, grams glycocoll, 40 c.c. water, 
grams pancreas bases. 
After standing for 24 honts at 40°, the ‘cholalic and benzoic acids 
were recovered unchanged. . 

The bases from the organs appear, as the result of the above 

experiments, to my no part in qoecnnaeton: i in the organism. 
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